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SUMMARY 
I t i s n o t uncommon t h a t an e x p e r i m e n t i s d e c i d e d upon , d a t a 
c o l l e c t e d , and c o n c l u s i o n s drawn w i t h o u t c o n s i d e r i n g t h e s t a t i s t i c a l 
p r o p e r t i e s of t h e e x p e r i m e n t o r i t s d e s i g n . I t would be a d v a n t a g e o u s 
t o d e v e l o p a t e c h n i q u e t o augment t h e s e u n d e s i g n e d e x p e r i m e n t s w i t h 
a d d i t i o n a l o b s e r v a t i o n s t h a t would enhance t h e s t a t i s t i c a l p r o p e r t i e s 
of t h e e x p e r i m e n t . The p u r p o s e of t h i s i n v e s t i g a t i o n was t o d e v e l o p a 
t e c h n i q u e f o r s e l e c t i n g a d d i t i o n a l r u n s so t h a t b i a s i s m i n i m i z e d . 
E f f o r t s a r e l i m i t e d t o t h e f i r s t h a n d second o r d e r m o d e l s . 
T h i s i n v e s t i g a t i o n d e v e l o p s an o b j e c t i v e f u n c t i o n t h a t i s b a s e d 
on making d e s i g n moments e q u a l r e g i o n moments . M i n i m i z a t i o n of t h i s 
f u n c t i o n l e a d s t o t h e r e d u c t i o n of b i a s . The Hooke and J e e v e s p a t t e r n 
s e a r c h i s u sed t o min imize t h e f u n c t i o n . The a d d i t i o n a l r u n s a r e 
s e l e c t e d s e q u e n t i a l l y . 
I t i s c o n c l u d e d t h a t an u n d e s i g n e d r e s p o n s e s u r f a c e e x p e r i m e n t 
can be improved by t h e s e q u e n t i a l a d d i t i o n of r u n s s e l e c t e d by m i n i m i z ­
i n g t h e o b j e c t i v e f u n c t i o n . The method a l s o i n d i c a t e s when no i m p r o v e ­
ment i n b i a s i s p o s s i b l e . S i m u l t a n e o u s s e l e c t i o n of t h e a d d i t i o n a l r u n s 
i n s t e a d of s e q u e n t i a l s e l e c t i o n i s found u n d e s i r a b l e as t h e maximum 
r e d u c t i o n of b i a s may n o t be found . 
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CHAPTER I 
INTRODUCTION 
G e n e r a l 
Of ten e x p e r i m e n t a l d a t a i s used i n e x p e r i m e n t s w i t h o u t c o n s i d e r a ­
t i o n of s t a t i s t i c a l p r o p e r t i e s . T h i s may a r i s e due t o a l a c k of know­
l e d g e o r e x p e r i e n c e on t h e e x p e r i m e n t e r s ' p a r t o r from u s i n g e x i s t i n g 
d a t a . In such c a s e s i m p o r t a n t e f f e c t s may be con founded , r e g r e s s i o n 
c o e f f i c i e n t s b i a s e d , a n d , i n g e n e r a l , t h e d a t a may be u n u s a b l e f o r s t a ­
t i s t i c a l i n f e r e n c e . These a r e r e f e r r e d t o as u n d e s i g n e d e x p e r i m e n t s . 
A s t a t i s t i c i a n may be t emp ted t o r e r u n t h e e x p e r i m e n t u s i n g an 
a p p r o p r i a t e d e s i g n e d e x p e r i m e n t and th row away t h e p r e v i o u s d a t a . Be ­
s i d e s t h r o w i n g away i n f o r m a t i o n t h a t was c o l l e c t e d a t a c o s t of t i m e 
and money, t h i s may i n v o l v e a f u r t h e r e x p e n d i t u r e t h a t i s above b u d g e t 
l i m i t a t i o n s . A more d e s i r a b l e a p p r o a c h would b e t o u s e t h e e x i s t i n g 
d a t a a l o n g w i t h a d d i t i o n a l e x p e r i m e n t a l r u n s so a s t o improve t h e 
s t a t i s t i c a l p r o p e r t i e s i n r e l a t i o n s h i p t o some c r i t e r i o n . T h i s i s c o n ­
s i d e r e d " r e p a i r i n g " t h e u n d e s i g n e d e x p e r i m e n t . S i n c e b u d g e t l i m i t a t i o n s 
may p r e c l u d e t o o many a d d i t i o n a l r u n s , t h e p r o c e d u r e s h o u l d add r u n s so 
t h a t improvement i s s e q u e n t i a l , n o t demanding a f i x e d number of r u n s . 
I f t h e s t a t i s t i c i a n had an o p p o r t u n i t y p r i o r t o t h e c o l l e c t i o n 
of d a t a , he c o u l d choose one of a number of e x p e r i m e n t a l d e s i g n s t o u s e 
b a s e d on t h e works of Dav i e s ( 4 ) , F i s h e r - Y a t e s ( 7 ) , H icks ( 1 0 ) , 
Kempthorne ( 1 2 ) , K i e f e r ( 1 4 ) , Kennard and S t o n e ( 1 3 ) , and o t h e r s . He 
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c o u l d a l s o u s e t h e t e c h n i q u e s of r e s p o n s e s u r f a c e me thodo logy d e v e l o p e d 
by Box, e x h i b i t e d by Box and Wi l son (3) and summarized i n a book by 
Myers ( 1 6 ) . These t e c h n i q u e s r e l y on d e s i g n i n g t h e e x p e r i m e n t p r i o r t o 
c o l l e c t i n g t h e d a t a . Most: u s e t h e method of l e a s t s q u a r e s t o e s t i m a t e 
p a r a m e t e r s , and t h e y u s u a l l y i n c l u d e a n a l y s i s of v a r i a n c e . 
Response S u r f a c e Methodology 
Response s u r f a c e me thodo logy assumes t h a t a r e s p o n s e where t h e 
n = f ( C 1 , C 2 » • • • 
a c t u a l f u n c t i o n a l form i s n o t known, can b e a p p r o x i m a t e d i n some r e g i o n 
R of t h e £ s p a c e by a g r a d u a t i n g f u n c t i o n g(j^, j^) , where B_ Is a v e c t o r of 
a d j u s t a b l e c o n s t a n t s . The g r a d u a t i n g f u n c t i o n s u s u a l l y employed a r e low 
o r d e r p o l y n o m i a l s i n t h e v a r i a b l e £ , and o f t e n a f i r s t o r second o r d e r 
model i s s e l e c t e d . The o b j e c t i v e of t h e e x p e r i m e n t i s t o e s t i m a t e t h e 
v e c t o r 9̂  and t o p e r f o r m an a n a l y s i s on t h e f i t t e d s u r f a c e . The e x p e r i ­
ment c o n s i s t s of s e t t i n g t h e l e v e l s of t h e v a r i a b l e s , £ , and m e a s u r i n g 
t h e r e s p o n s e a number of t i m e s . 
I n d e s i g n e d e x p e r i m e n t s t h e l e v e l s of t h e v a r i a b l e s a r e s e l e c t e d 
a c c o r d i n g t o some a p p r o p r i a t e c r i t e r i o n . One r u n of t h e e x p e r i m e n t can 
be e x p r e s s e d a s a v e c t o r , s a y 
V = (S , ,£ . ) , u = 1 , 2 , . . . , N 
— u s l u , s 2 u ' ^ i u ku ' » » » 
where i d e n o t e s t h e v a r i a b l e and u d e n o t e s t h e r u n number . An n X k 
m a t r i x , D, w i t h r o w s , j j . ' u > i s c a l l e d t h e d e s i g n m a t r i x . I n u n d e s i g n e d 
e x p e r i m e n t s t h e " d e s i g n " m a t r i x h a s n o t b e e n p r o p e r l y s e l e c t e d o r d a t a 
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a v a i l a b l e c o u l d n o t b e r e p r e s e n t e d i n a s t a n d a r d d e s i g n form. The t e r m , 
d e s i g n m a t r i x , i n t h i s s t u d y , i s u s e d t o r e f e r t o t h e m a t r i x , D, b u t n o t 
t o imply a d e s i g n e d e x p e r i m e n t . 
P u r p o s e and Scope 
The p u r p o s e of t h e i n v e s t i g a t i o n i s t o d e v e l o p a t e c h n i q u e f o r 
r e p a i r i n g u n d e s i g n e d r e s p o n s e s u r f a c e e x p e r i m e n t s . A d d i t i o n a l r u n s w i l l 
be added t o t h e e x i s t i n g u n d e s i g n e d e x p e r i m e n t so a s t o r e d u c e t h e a v e r ­
age b i a s of t h e r e g r e s s i o n c o e f f i c i e n t s . The r e p a i r i n g of f i r s t o r d e r 
mode l s h a s no a p p l i c a t i o n i n r e s p o n s e s u r f a c e e x p e r i m e n t s where t h e 
model i s used o n l y f o r s t e e p e s t a s c e n t . I t i s i n c l u d e d i n t h i s s t u d y 
though f o r c o m p l e t e n e s s . The second o r d e r m o d e l , where t h e t r u e r e ­
s p o n s e i s t h i r d o r d e r , i s t h e p r i m a r y i n t e r e s t of t h i s i n v e s t i g a t i o n . 
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CHAPTER I I 
LITERATURE REVIEW 
Few r e p a i r t e c h n i q u e s h a v e been r e p o r t e d i n t h e l i t e r a t u r e on 
e x p e r i m e n t a l d e s i g n . D y k s t r a (5) examined t h e u s e of t h r e e c r i t e r i a 
f o r s e l e c t i n g a d d i t i o n a l r u n s . They w e r e : 
1) m i n i m i z e r e g r e s s i o n sum of s q u a r e s , 
2) maximize r e s i d u a l sum of s q u a r e s , 
3) m i n i m i z e m u l t i p l e c o r r e l a t i o n . 
He added p a i r s of a d d i t i o n a l r u n s s e q u e n t i a l l y , m a i n t a i n i n g t h e a v e r a g e 
l e v e l of t h e i n d e p e n d e n t v a r i a b l e so t h a t o r t h o g o n a l b l o c k i n g was 
a c h i e v e d . The r e s u l t s i n d i c a t e d t h a t t h e minimum r e g r e s s i o n c r i t e r i o n 
was i n f e r i o r t o t h e minimum c o r r e l a t i o n c r i t e r i o n and t h a t a p r o c e d u r e 
combin ing t h e u s e of t h e maximum r e s i d u a l and minimum c o r r e l a t i o n migh t 
be b e s t . 
Gay lo r and M e r r i l l (8) d e v e l o p e d a t e c h n i q u e f o r a d d i n g r u n s t o 
an u n d e s i g n e d e x p e r i m e n t f o r a f i r s t o r d e r model i n o r d e r t o remove t h e 
c o r r e l a t i o n among i n d e p e n d e n t v a r i a b l e s w h i l e p r o v i d i n g minimum v a r i ­
a n c e e s t i m a t e s of t h e r e g r e s s i o n c o e f f i c i e n t s . The r emova l of c o r r e l a ­
t i o n among i n d e p e n d e n t v a r i a b l e s i s d e s i r a b l e i n t h e f i r s t o r d e r c a s e 
t o a p p r o a c h an o r t h o g o n a l d e s i g n . Gay lo r and M e r r i l l ' s r e g i o n of i n ­
t e r e s t i s a h y p e r c u b e c e n t e r e d a b o u t t h e o r i g i n bounded by h y p e r p l a n e s 
a t - 1 and +1 i n each d i r e c t i o n . P o i n t s a r e added a t t h e 2^ c o r n e r s of 
t h 
t h i s r e g i o n s such t h a t t h e a v e r a g e l e v e l of t h e j t r a n s f o r m e d i n d e ­
p e n d e n t v a r i a b l e i s z e r o ; i . e . 
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x . = 0 ( 2 . 1 ) 
f o r a l l j . T h i s can o n l y be a p p r o x i m a t e d i n g e n e r a l s i n c e 
N 
E x . . ( 2 . 2 ) 
i = l ^ 
w i l l n o t b e i n t e g e r f o r a l l j . 
Gay lor and M e r r i l l d e v e l o p e d e q u a t i o n s f o r d e t e r m i n i n g t h e number 
t h of r u n s , n . , t o be added a t t h e i c o r n e r o u t of a t o t a l number of r u n s , l 
M. These a r e b a s e d on max imiz ing t h e d e t e r m i n a n t of ( X , X ) , where ( x ' x ) 
i s t h e m a t r i x of t h e c o r r e c t e d sum of s q u a r e s and c r o s s - p r o d u c t s of t h e 
i n d e p e n d e n t v a r i a b l e s , s u b j e c t t q t h e c o n d i t i o n t h a t o f f - d i a g o n a l e l e m -
men t s of ( x ' x ) a r e z e r o a f t e r a d d i n g p o i n t s . P r a c t i c a l d i f f i c u l t i e s 
a r i s e i n t h a t n^ may t u r n o u t t o be n o n i n t e g e r and somet imes even n e g a ­
t i v e . Rounding o f f t h e n ^ ' s e s t a b l i s h e s a s e t of p o s s i b l e s o l u t i o n s . 
To choose be tween t h e s e s o l u t i o n s , t h e d e t e r m i n e n t of t h e i n v e r s e of 
( X ' x ) ; i . e . | ( X , X ) | , f o r t h e u n d e s i g n e d e x p e r i m e n t i s compared t o 
| ( x ' x ) | a f t e r a u g m e n t a t i o n a t t h e v a r i o u s s o l u t i o n s . The s o l u t i o n 
m i n i m i z i n g t h e augmented | (X'X) i s c h o s e n . M i n i m i z i n g | (X , X) | i s 
t h e e q u i v a l e n t t o max imiz ing | ( X ' X ) | . 
Given t h a t o n l y M more r u n s can be made, Gay lo r and M e r r i l l show 
t h a t augmen t ing e x i s t i n g d a t a was b e t t e r t h a n r u n n i n g a d e s i g n e d e x p e r i ­
ment of M r u n s . 
D y k s t r a (6) s e q u e n t i a l l y adds r u n s i n t h e d e s i g n s p a c e by e v a l u ­
a t i n g Var (y) a t e ach p o i n t from a l i s t of c a n d i d a t e p o i n t s , s e l e c t i n g 
a s t h e n e x t r u n t h e p o i n t where Var (y) i s t h e g r e a t e s t . I t can be 
shown t h a t t h i s a p p r o a c h max imizes | ( x ' x ) | . The c h o i s e of c a n d i d a t e 
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p o i n t s i s d e t e r m i n e d by t h e model and may p r e s e n t some p rob l ems i n com­
p l e x s p a c e s . For t h e f i r s t o r d e r c a s e , o n l y c o r n e r p o i n t s need be 
s p e c i f i e d b u t f o r t h e second o r d e r m o d e l , a x i a l and c e n t e r p o i n t s a r e 
i n c l u d e d a s w e l l a s c o r n e r p o i n t s . The r a t i o of | ( X ' X ) | a f t e r augmen­
t a t i o n t o | ( X ' X ) | of t h e u n d e s i g n e d e x p e r i m e n t i s used t o show t h e im­
provement 
Hebb le and M i t c h e l l (9) i l l u s t r a t e D y k s t r a ' s a u g m e n t a t i o n t e c h ­
n i q u e s w i t h a w i d e r r a n g e of e x a m p l e s . The p r o b l e m , t h e d e s i g n c r i t e r ­
i o n , and t h e method of d e s i g n a u g m e n t a t i o n a r e e s s e n t i a l l y t h e same. 
Only a minor d i f f e r e n c e o c c u r s be tween t h e methods of D y k s t r a and Hebb le 
and M i t c h e l l . Hebb le and M i t c h e l l s e a r c h t h e e n t i r e r e g i o n of i n t e r e s t , 
r e q u i r i n g o n l y t h a t t h e p o i n t s be e x p e r i m e n t a l l y f e a s i b l e , u s i n g g r i d 
s e a r c h f o r t h e t w o - v a r i a b l e s c a s e and a random s e a r c h t e c h n i q u e f o r t h e 
c a s e of t h r e e o r more v a r i a b l e s . They p o i n t o u t t h a t a s e q u e n t i a l 
s o l u t i o n ; i . e . , a d d i n g one p o i n t a t a t i m e , does n o t g e n e r a l l y y i e l d 
t h a t s e t of m p o i n t s which max imizes | ( X ' X ) | , b u t t h a t a p p r o a c h i s used 
f o r s i m p l i c i t y . 
B i a s , c a u s e d by f i t t i n g an i n a d e q u a t e m o d e l , i s p o i n t e d o u t a s 
b e i n g a more i m p o r t a n t s o u r c e of e r r o r i n many c a s e s . The u s e of t h e 
(X'X) c r i t e r i o n does n o t c o n s i d e r b i a s a s t h e a s s u m p t i o n must be made 
t h a t t h e model f i t s . 
Ano the r a p p r o a c h i s t a k e n by Wynn ( 1 7 ) , u s i n g t h e "D" and "G" 
o p t i m a l i t y c r i t e r i o n a s e s t a b l i s h e d by K i e f e r ( 1 4 ) . Wynn adds p o i n t s 
t o t h e d e s i g n c o r r e s p o n d i n g t o p o i n t s of maximum v a r i a n c e of t h e l e a s t 
s q u a r e s e s t i m a t e of t h e r e s p o n s e mean f o r t h e r e g r e s s i o n m o d e l . T h i s 
i s e s s e n t i a l l y max imiz ing | ( X ' X ) j a s each p o i n t i s added and s u f f e r s 
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t h e same r e s t r i c t i o n a s D y k s t r a (6) and Hebble and M i t c h e l l (9) i n 
p r o t e c t i n g a g a i n s t b i a s . The a s s u m p t i o n must be made t h a t t h e model i s 
c o r r e c t . 
A method p r o p o s e d by McCaa (15) g i v e s e x p l i c i t c o n s i d e r a t i o n t o 
t h e p o s s i b i l i t y t h a t t h e model i n i n c o r r e c t . He u s e s Box and D r a p e r ' s 
(1) deve lopment of a v e r a g e mean s q u a r e e r r o r 
J = { [ n / a 2 ] / R E [ y ( x ) - f ( x ) ] 2 d x } / / R d x ( 2 . 3 ) 
o r 
J = V + B ( 2 . 4 ) 
where f o r t h e f i r s t o r d e r c a s e 
V = 1 + E { ( c 3 : 1 / ( k + 2 ) ) ( 2 . 5 ) 
j = l 
and 
k r k k k Vi 12 
B = l / ( k + 2 ) E / E E a . . E c [ h i j ] \ ( 2 . 6 ) 
g = l ( i = l j = l 1 3 h = l J 
( k k | 2 
+ \ E E a ( [ i j ] = <5 / ( k + 2 ) ) > 
| i = l j = l 1 3 1 J ) 
+ 
T k 2 k k k "1 
2 ( k + 2 ) E a . . + ( k + 2 ) E E a . . - 2 ( E a . . ) 
L i - i 1 1 i = i j - i + i i j i = i 1 1 J 
( k + 2 ) 2 ( k + 4 ) 
V i s t h e v a r i a n c e of y i n t e g r a t e d , o r a v e r a g e d , o v e r t h e r e g i o n 
R, w h i l e B i s t h e s q u a r e of t h e b i a s , i n t e g r a t e d ove r t h e r e g i o n . 
Average b i a s , B, i s m in imized f o r a g i v e n a „ by s e t t i n g d e s i g n moments 
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e q u a l t o r e g i o n moments y i e l d i n g 
Z Z Z (Z x . . x . x . ) = 0 ( 2 . 7 ) 
j l > j p > l i 1 J 1 l p 
k 
Z • Z (Z x . . x . ) = 0 ( 2 . 8 ) 
3 l > j i J 
Z [ Z ( x . }) - N / ( k + 2 ) ] = 0 ( 2 . 9 ) 
3 i 1 J 
which can be a c c o m p l i s h e d by m i n i m i z i n g t h e f u n c t i o n 
F (x ) = .Z(Z x . . ) 2 + Z ( Z ( x . }) - N / ( k + 2 ) ) 2 ( 2 . 1 0 ) - . . i i . i i 
3 i 3 i 
k k 2 2 
+ Z Z Z ( Z x ; . x . , x . ) + Z Z (Z x . . x . J 
. i ^ . , . i l l l l p . i . . 11 l l 
3 1>J P>1 i . y 3 !>J 1 
For a g i v e n s e t of p o i n t s , N, F i s c o n s t a n t . A d d i t i o n a l p o i n t s 
can be added t h e n i n o r d e r t o m i n i m i z e F . E x p r e s s i n g t h e d e t e r m i n e d 
p o r t i o n of F a s c o n s t a n t s 
N 
Z x. . . = C / , ( 2 . 1 1 ) 
N .. 
Z ( x . . - N/k + 2) = C . " , ( 2 . 1 2 ) 
i 1 - ] J 
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and 
N 
Z ( x . . x , . , x . ) = C , , ( 2 . 1 3 ) i j i l i p j l p 
"±<*±f±1) - C n , ( 2 . 1 4 ) 
McCaa r e w r i t e s F a s 
/ M \ o / M o \ 2 
F ( x ) = z ( c . ' + z x . . f + z[C." + Z x . / • ] ( 2 . 1 5 ) 
k k / M \ 
Z Z [C. + Z X . . X . . X . ) 
>j p > l V J 6 p i = n + l 1 J 1 1 l p / 
k / M \ : 
Z | C . + Z x . . x . - ] 
>j A J l i - n + 1 ^ X l / 
Us ing t h i s f u n c t i o n on t e n randomly g e n e r a t e d u n d e s i g n e d e x p e r i ­
m e n t s , he c o n c l u d e d : 
1) An u n d e s i g n e d , s t a t i s t i c a l l y weak r e s p o n s e s u r f a c e e x p e r i m e n t 
may be s i g n i f i c a n t l y improved by s e q u e n t i a l l y a d d i n g new o b s e r v a ­
t i o n s i n t h e number and manner d i c t a t e d by t h e m i n i m i z a t i o n of t h e 
f u n c t i o n F(X) which y i e l d s d e s i g n w i t h J v a l u e s c l o s e t o t h e o p t i m a l 
v a l u e s of J . 
2) The d e t e r m i n a n t of t h e ( x ' x ) m a t r i x c r i t e r i o n c a n n o t be c o n ­
s i d e r e d a v a l i d d e s i g n c r i t e r i o n i n c o n j u n c t i o n w i t h t h e m i n i m i z a ­
t i o n of mean s q u a r e e r r o r . 
3) The a s s u m p t i o n t h a t minimum mean s q u a r e e r r o r i s domina t ed by 
a v e r a g e s q u a r e d b i a s i s v a l i d o n l y so l o n g a s t h e r a t i o of model 
p a r a m e t e r s t o a i s s u f f i c i e n t l y l a r g e . 
I n t h e deve lopmen t of F (x ) t h e second t e r m comes from t h e r e q u i r e ­
ment t h a t t h e p u r e second d e s i g n moment e q u a l s t h e r e g i o n moment 
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Z x ± 2 = l / ( k + 2) ( 2 . 1 6 ) 
i X^ 
o r 
Z x „ k 2 = N / ( k + 2) ( 2 . 1 7 ) 
i 
As a d d i t i o n a l r u n s a r e a d d e d , N i n c r e a s e s t o N + m. T h i s i s n o t 
c o n s i d e r e d i n 
M=N+m 9 2 
Z(C." + Z x . / ) ( 2 . 1 8 ) 
j J i = n + l 1 J 
t h e second t e r m of 2 . 1 5 . T h i s may h a v e had a s i g n i f i c a n t e f f e c t on t h e 
a u g m e n t a t i o n p o i n t s s e l e c t e d and t h e c o n c l u s i o n s r e a c h e d . 
T h i s s t u d y , w h i l e p r i m a r i l y c o n c e r n e d w i t h t h e second o r d e r c a s e , 
w i l l i n c l u d e a r e f o r m u l a t i o n of F ( x ) f o r t h e f i r s t o r d e r model and t h e 
c o n c l u s i o n s w i l l be r e e x a m i n e d . 
11 
CHAPTER I I I 
PROCEDURE 
Development of Average B i a s 
The g o a l of t h i s i n v e s t i g a t i o n i s t o d e v e l o p a t e c h n i q u e f o r r e ­
p a i r i n g an u n d e s i g n e d e x p e r i m e n t used t o f i t a second o r d e r model w i t h 
a l i m i t e d number of p o i n t s so a s t o m i n i m i z e t h e a v e r a g e s q u a r e d b i a s . 
The c h o i c e of t h i s c r i t e r i o n i s b a s e d on work done by Box and D r a p e r 
( 1 , 2 ) . They show t h a t a l l - b i a s d e s i g n s more c l o s e l y a p p r o a c h o p t i m a l 
d e s i g n s t h a n t h o s e d e s i g n s c o n s i d e r i n g v a r i a n c e a l o n e , even when a v e r a g e 
v a r i a n c e o v e r t h e r e g i o n i s l a r g e r t h a n a v e r a g e b i a s . R e p a i r t e c h n i q u e s 
b a s e d upon v a r i a n c e a l o n e , u s i n g t h e ( x ' x ) c r i t e r i o n , do n o t o f f e r p r o ­
t e c t i o n a g a i n s t b i a s . 
I n r e s p o n s e s u r f a c e me thodo logy t h e r e s p o n s e n i s u s u a l l y a p p r o x i ­
mated by a low o r d e r p o l y n o m i a l 
Y « X ' B + e ( 3 - D 
where y i s t h e o b s e r v e d r e s p o n s e , _g t h e v e c t o r of t h e unknown c o n s t a n t s , 
x t h e t r a n s f o r m e d l e v e l s of t h e v a r i a b l e s and e t h e random e r r o r 
assumed t o have e x p e c t a t i o n 0 and v a r i a n c e cr^. The v e c t o r Q i s e s t i ­
mated by t h e method of l e a s t s q u a r e s . 
The p r e d i c t e d r e s p o n s e i s 
y = = x ' B ( 3 . 2 ) 
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and i n a d d i t i o n 
Var y = x V a r ( 3 ) x ( 3 . 3 ) 
where 
Var 3 = E[3 - 6 ] [ 6 - 3] ( 3 . 4 ) 
o r 
Var 3 = a 2 ( X X) 1 ( 3 . 5 ) 
I n t h e f o l l o w i n g 
y ( x ) = x 1 6 1 ( 3 . 6 ) 
and 
f ( x ) = ^ ± + x 2 3 2 ( 3 . 7 ) 
where f ( x ) i s t h e t r u e r e s p o n s e of o r d e r and y ( x ) i s t h e assumed 
model of o r d e r d^. The e l e m e n t s of t h e v e c t o r x^ a r e powers and p r o ­
d u c t s of o r d e r d^ o r l e s s of t h e v a r i a b l e s x^ and x 2 i s a v e c t o r whose 
e l e m e n t s a r e powers and p r o d u c t s of o r d e r d^ + l , . . . , d 2 of t h e v a r i ­
a b l e s x . . The v e c t o r s 3., and 3~ a r e t h e c o e f f i c i e n t s of t h e e l e m e n t s 
I - 1 - 2 
i n and x 2 . The m a t r i c e s X^ and X 2 h ave a s rows x^' and x 2 r e s p e c t i v e l y 
and each now r e p r e s e n t s one r u n of t h e e x p e r i m e n t . T h e r e a r e a t o t a l of 
N r u n s . 
Us ing 
y ( x ) - f ( x ) « ( y ( x ) - E y ( x ) } +' {Ey(x) - f ( x ) } ( 3 . 8 ) 
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i n e q u a t i o n 2 . 3 and 2 . 4 Box and Drappe r (1) w r i t e t h e a v e r a g e v a r i a n c e 
a s 
V = / [ y ( x ) - E y ( x ) ] dx 
and t h e a v e r a g e s q u a r e d b i a s a s 
B = J [Ey(x) - f ( x ) ] 2 d x ( 3 . 1 0 ) 
where ft = 1 / / dx 
R " 
D e f i n i n g t h e moments of t h e d e s i g n a s 
M n = N - 1 x | x i , ( 3 . 1 1 ) 
M 1 2 = N l x i X 2 9 ( 3 . 1 2 ) . 
M 2 2 = N """X^ i ( 3 . 1 3 ) 
and r e g i o n moments a s 
y i n = ft J x ' x . . dx ( 3 . 1 4 ) 11 J R - 1 - 1 -
y 1 2 = fi ^R - 1 - 2 d x ( 3 . 1 5 ) 
0 0 = ft / x ' x , , dx ( 3 . 1 6 ) yZ2 ^ R - 2 - 2 
J can now be w r i t t e n a s 
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J = t r a c e [ y ^ M ^ ] + « 2 ^ y 2 2 ~ y 1 2 y l l y 2 2 ^ (3 .17) -
( M 1 J M 1 2 - ^ i i W 1 2 ) y 1 1 ( M 1 ^ 1 2 - y 1 J y 1 2 ) ] a 2 
and 
V = t r a c e [ y u M ^ ] ( 3 . 1 8 ) 
B = a 2 [ ( y 2 2 - y i 2 v 1 i y 1 2 ) 
+ ( M 1 J M 1 2 - V ^ u ^ u ^ ^ u ~ v l l u 1 2 ) ] 2 2 ( 3 ' 1 9 ) 
where _ }fW' 3 2 / a 
J would be an e x c e l l e n t c r i t e r i o n t o u s e f o r s e l e c t i n g a d d i t i o n a l 
p o i n t s f o r r e p a i r i n g a d e s i g n s i n c e i t : c o n t a i n s t e rms f o r b o t h v a r i a n c e 
and b i a s . However, t h i s i s n o t p o s s i b l e , a s t h e b i a s t e r m , B, r e l i e s on 
t h e unknown v e c t o r . I n Box and D r a p e r (2) i t i s shown t h a t B can b e 
no s m a l l e r t h a n t h e p o s i t i v e t e r m 
o £ ( y 2 2 - ^ u ^ ^ 
and t h a t , f o r c o n s i d e r a t i o n of b i a s a l o n e , a s u f f i c i e n t c o n d i t i o n f o r 
m i n i m i z i n g B i s t h a t d e s i g n moments s h o u l d b e e q u a l t o r e g i o n moments 
up t o and i n c l u d i n g o r d e r + d 2 « T h i s c o n d i t i o n can b e e x p r e s s e d a s 
M l l = y n ( 3 . 2 1 ) 
15 
M 1 2 = u 1 2 ( 3 . 2 2 ) 
which i n 3 .19 makes 
M i i M i 2 = y i i u i 2 ( 3 - 2 3 ) 
o r 
B = o t 2 ( [ i 2 2 - ^ i 2 u l l u 1 2 ^ - 2 ( 3 . 2 4 ) 
t h e minimum v a l u e of B. 
The s h a p e of t h e r e g i o n of i n t e r e s t R w i l l a f f e c t t h e moment 
m a t r i c e s a b o v e . For e x a m p l e , w i t h = 2 , d 2 = 3 t h e p u r e f o u r t h 
r e g i o n moment i s r e l a t e d t o t h e mixed f o u r t h r e g i o n moment by a f a c t o r 
of 3 , f o r a s p h e r i c a l r e g i o n , and by 1 . 8 , f o r a c u b o i d a l r e g i o n . A 
s p h e r i c a l r e g i o n of i n t e r e s t i s u sed i n t h i s s t u d y a l t h o u g h r e s u l t s 
c o u l d be s i m i l a r l y o b t a i n e d f o r a c u b o i d a l r e g i o n of i n t e r e s t . 
I t i s assumed i n t h i s s t u d y t h a t t h e r e g i o n R i s n o t t h e w h o l e 
o p e r a b i l i t y r e g i o n , 0 , o u t s i d e of which p h y s i c a l l i m i t s p r e c l u d e e x p e r i ­
m e n t a t i o n . R i s t h a t r e g i o n t h e e x p e r i m e n t e r i s most i n t e r e s t e d i n . 
The d a t a p o i n t s i n t h e o r i g i n a l u n d e s i g n e d e x p e r i m e n t s h o u l d a l l b e 
w i t h i n t h i s r e g i o n . Us ing t h e p o i n t i n t h e d e s i g n f u r t h e s t from t h e 
d e s i g n c e n t e r e s t a b l i s h e s a l ower bound on t h e r a d i u s of R. The r e g i o n 
of i n t e r e s t may e x t e n d beyond t h i s bound b u t s h o u l d n o t b e i n s i d e of i t . 
For e x a m p l e , i n t h e u s e of d a t a s e t B w i t h two v a r i a b l e s t h e p o i n t f u r ­
t h e s t from t h e c e n t e r i s a t a r a d i u s of 9 . 1 4 w h i l e t h e r a d i u s of t h e 
r e g i o n of i n t e r e s t u s e d i s 9 . 5 5 . Ca re must b e t a k e n i n a c t u a l l y d e c i d ­
i n g upon R s i n c e d i f f e r e n t r e g i o n s w i l l y i e l d d i f f e r e n t r e s u l t s . 
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I n d e c i d i n g upon t h e s p h e r i c a l r e g i o n of i n t e r e s t , R, t h e v a r i ­
a b l e s E. w i l l b e s c a l e d t o x . so t h a t 
1 1 
k 2 
Z xT < 1 ( 3 . 2 5 ) 
i - 1 1 ' 
The r e s u l t i n g d e s i g n moment m a t r i c e s , ML_., w i l l depend on t h e v a l u e of 
t h e r a d i u s of R. The r e g i o n , when s c a l e d , w i l l a lways have r a d i u s 1 so 
t h a t r e g i o n moments a r e u n a f f e c t e d . 
O p t i m i z a t i o n of B i a s 
For t h e c a s e where d^ = 2 and = 3 ; i . e . , a second o r d e r model 
u sed a s t h e a p p r o x i m a t i n g p o l y n o m i a l when t h e t r u e r e s p o n s e i s t h i r d 
o r d e r , B i s min imized when d e s i g n moments t h r o u g h o r d e r 5 a r e e q u a l t o 
t h e r e g i o n moments . For N r u n s of t h e e x p e r i m e n t t h i s can b e e x p r e s s e d 
a s 
k / N \ 
[ i ] = 0 o r Z [ Z x i u / N ) j = 0 ( 3 . 2 6 ) 
i - l \ j i - l 1 U / 
k k / N x . x . \ 
[ i j ] = 0 o r Z Z E ^ J U = 0 ( 3 . 2 7 ) 
i - 1 j > i \ u - l / 
k / N 
i==l\u=l 
x . 2 \ 
[ i i ] = l / ( k + 2) o r " Z | Z = l / ( k + 2) ( 3 . 2 8 ) 
k k k / N x x x , \ 
[ i j l ] = 0 o r Z Z Z I Z 1 3 ^ U U [ = 0 ( 3 . 2 9 ) 
1=1 j > i 1 > J \ U = 1 / 
17 
k k / N X - H 3 x i u \ 
[ i i i j ] = 0 o r Z Z [ Z J N J U j = 0 ( 3 . 3 0 ) 
i = l j ^ i \ u = l / 
k k / N X i u 2 x i u X l u \ [ i i j l ] = 0 o r Z Z Z [ Z 1 U ^ U X U \ = 0 ( 3 . 3 1 ) 
i = l j # i l # i \ u = l N / 
l > j 
k k k k / N 
[ i j l m ] = 0 o r Z Z Z Z I Z 
i = l j > i l > j p > l \ u = l 
X. X. X„ X \ 
i u ju^-lu p u j = Q ( 3 > 3 2 ) 
2 x . 2 
[ i i j j ] = l / ( k + 2 ) ( k + 4) o r Z Z [ Z " J J U I ( 3 . 3 3 ) 
k k / N x . 2 . 1 \ 
1=1 j > i \ u = l / 
= l / ( k + 2 ) ( k + 4) 
k / N x . 4 \ 
[ i i i i ] = 3 / ( k + 2 ) ( k + 4) o r Z Z - ^ U - 1 = ( 3 . 3 4 ) 
i = l \ u = l / 
3 / ( k + 2 ) ( k + 4) 
k k k k / N ;x. x . x„ x x \ 
[ i j l p q ] = 0 o r Z Z Z Z Z ( Z 1 U 3 U 1 , 1 P " ^ ) = 0 ( 3 ' 3 5 ) 
i = l j > i l > j p> l q > p \ u = l / 
The u s e of s q u a r e b r a c k e t n o t a t i o n f o r d e s i g n moments and t h e 
r i g h t - h a n d s i d e r e g i o n moment e x p r e s s i o n s a r e e x p l a i n e d i n Appendix A. 
These n o n - l i n e a r , s i m u l t a n e o u s e q u a t i o n s can b e f o r m u l a t e d i n t o 
a s i n g l e o b j e c t i v e f u n c t i o n . Tha t i s , B i s min imized when F i s z e r o 
and 
k / N \ 2 k k / N \ 2 
F (x ) = £ [ Z x . 1 -f E Z f Z x . x . \ ( n _ . A i l u / • i • -I i l u J u l ( C o n t i n u e d ) ( 3 . 3 6 ) i = l \ u = l / 1=1 j > i \ u = l J / 
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k / N 2 \ 2 k k k / N 
+ E [ £ x . - N / ( k + 2 ) 1 + E £ £ / £ x . x . x 
i - A u - i l u ) i - i j > j i > j U i i u J U 
k k / N 3 \ 2 k k k / N 2 X 2 
+ Z Z I Z x . x . I + • Z Z Z I Z x . x . 
i = i j ^ i \ u = i l u J 7 i = i j ^ 4 = i l u J U 
l > j 
k k k / N \ 2 k k 
+ £ Z Z Z I Z x . x . x- x I + Z Z 
i . i ^ i i > J y i \ u - i l u ' ; , u - u p u / i - i j > i 
/ N 2 2 V k I Z x . x . - N / ( k + 2 ) ( k + 4)1 • + Z 
f N , \ 2 k k k k k 
£ x ± u - 3/N(k + 2 ) ( k = 4 ) I + £ Z Z £ Z 
m=l u I i = l j > i l > j p > l q>p 
Z x . x . X- x x I 
l u = 1 i u JU l u pu quJ 
I n N r u n s of t h e e x p e r i m e n t have been d e c i d e d upon , t h e n t h e 
v a l u e s of t h e x . , u = 1 , . . . , N , a r e f i x e d . Le t i u 
N 
c . = £ x . , ( 3 . 3 7 ) l - i u ' u = l 
N 
c . . = Z x . x . ( 3 . 3 8 ) 
i j u - 1 1 U J U » 
C i j l J ^ i u ^ l u » ( 3 . 3 9 ) 
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and 
N1 
C . . T = z x . x . x . x , ( 3 . 4 0 ) 
^-Jlp uZsl i u j u l u pu 
- N':. 
c . . , = x . x . x- x x , ( 3 . 4 1 ) i j l p q u = 1 i u j u l u pu qu 
F can now b e w r i t t e n 
W \ „ k k / 7W 
E 
i=N+l 
k / I
F ( x ) = Z c < + E x . T + Z Z [ c . + • 
" i ^ l ^ 1 U =N+1 1 U / i = l j > i \ 1 J u= 
E X i u X j u ) 2 ( 3 . 4 2 ) 
k / W > 
+ M c . - N / ( k + 2) + E x < _ m / ( k + 2) 
1=1 \ u=N+l / 
k k k / W \ 2 k k 
^ E E | c + Z x . x . x- ) + Z Z 
1-1 i > l 1 > A 1 J u=N+l 1 U J U l u / i = l j * l 
W 
Z x . x . x-i u i u l u 
=N+1 J i 
I W 3 \ 2 k k / 
c + Z x . x . I + Z Z Z [ c . . + 
u = N + i l u W i - i j y i w V 1 1 J u 
i > j 
k k / W \ 2 k k 
+ 1 E E E c . ... + E x . x . x , x + E E 
i = l j > i l > j p > l \ l j l p u-N+1 1 U J U l u P U / i - 1 j > i 
/ W 2 2 \ I c . - N / ( k + 2 ) ( k + 4) + E x . x . - m/ (k + 2 ) ( k + 4) I 
\ 1 1 J J u=M+l 1 U J U / 
2 
k / 
E [c -
i = l \ 1 1 1 1 
W . 
N / ( k + 2) (k + 4) + E x . - m/ (k + 2) (k .+ 4) 
u=N+l l u 
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k k k k k / W \ 2 
+ Z Z Z Z Z | c . ... + Z x . x . x x I 
i - i j > i i > j P > I q > p \ 1 J p q U-N.+1 l u J U l u p u q u / 
where W = N + m, and m i s t h e number of a d d i t i o n a l r u n s s e l e c t e d a t one 
t i m e . 
E q u a t i o n s 3 .26 t o 3 .29 a r e t h e moment c o n d i t i o n s f o r t h e c a s e of 
d^ = 1 , &2 - 2 ; i . e . , a f i r s t o r d e r model u s e d when t h e t r u e r e s p o n s e 
i s second o r d e r . T h e r e f o r e , i n t h e f i r s t o r d e r c a s e , F can b e w r i t t e n 
a s 
k / W \ 2 k k / W V 
(x) = Z | c . + I x . I + E Z [ c . . + Z x . x . 
" u-N+1 ±U) i = l j > i \ 1 J u-N+1 l u 3 U / 
k / W ? 
+ Z I c . . - N / ( k + 2) + Z x . - m / (k + 2) 
i = l \ 1 1 u=N+l 1 U > 
k k k / W \ 2 
+ Z Z Z C . . . + Z x . x . x , I • i . . - i . V i J 1 i u i u l u i = l j > i l > j \ J u=N+l J / 
2 ( 3 . 4 3 ) 
F i s min imized by s e l e c t i n g t h e x ^ , u = N + 1 , . . . , W . These 
v a l u e s t h e n become t h e a d d i t i o n a l e x p e r i m e n t a l r u n s which m i n i m i z e b i a s . 
The p r o c e d u r e i s r e p e a t e d u n t i l t h e maximum number of a d d i t i o n a l r u n s 
a l l o w e d have been d e c i d e d upon . 
I n o r d e r t o m i n i m i z e F , t h e Hooke and J e e v e s p a t t e r n s e a r c h 
a l g o r i t h m was s e l e c t e d . McCaa 's (15) work i n d i c a t e d t h a t F migh t n o t 
b e w e l l - b e h a v e d , h e n c e p a t t e r n s e a r c h , which i s known f o r i t s good 
p e r f o r m a n c e c h a r a c t e r i s t i c s on i r r e g u l a r f u n c t i o n s , was s e l e c t e d . T h i s 
\ 
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i s a d e r i v a t i v e - f r e e method u s i n g a s e a r c h t e c h n i q u e which e v a l u a t e s t h e 
f u n c t i o n a l v a l u e i n a p r e d e t e r m i n e d p a t t e r n t o d e t e r m i n e a minimum. I t 
i s n o t a g l o b a l s e a r c h t e c h n i q u e , so t h e p o s s i b i l i t y e x i s t s t h a t l o c a l 
minima may b e found . A c o m p l e t e d e s c r i p t i o n of p a t t e r n s e a r c h i s g i v e n 
by Hooke and J e e v e s ( 1 1 ) . 
A method f o r d e t e r m i n i n g a d d i t i o n a l r u n s t o r e d u c e a v e r a g e s q u a r e d 
b i a s h a s been d e s c r i b e d . I t r e m a i n s t o d e v e l o p some measurement of 
e f f e c t i v e n e s s . The t e c h n i q u e assumes t h a t a v e r a g e b i a s , B, i s of more 
immed ia t e c o n c e r n t h a n a v e r a g e v a r i a n c e , V. V a l u e s of B and J can o n l y 
be d e t e r m i n e d by a s suming v a l u e s f o r a^ . For t h e p u r p o s e of t h i s i n v e s t ­
i g a t i o n , t h e $2 t e r m s a r e assumed t o b e e q u a l l y w e i g h t e d a t a v a l u e of 
1 . r a t i ° s a r e s e l e c t e d t o a l l o w t h e c a l c u l a t i o n of s p e c i f i c numer ­
i c a l v a l u e s . The v a l u e s s e l e c t e d a r e . 5 , 1 . 0 , 2 . 5 , 5 . 0 , and 1 0 . 0 . The 
lower v a l u e s may a l l o w some f e e l i n g f o r what happens when V i s , i n f a c t , 
g r e a t e r t h a n B, w h i l e t h e l a r g e r v a l u e s s h o u l d e n s u r e B d o m i n a t e s V. 
From e q u a t i o n 3 . 1 9 , i t i s s e e n t h a t B i s made up of two c o m p o n e n t s . 
One component , say B ^ , i n v o l v e s o n l y r e g i o n moments d e f i n e d by e q u a t i o n 
3 .24 and t h e o t h e r component , s a y B^ , i n c l u d e s d e s i g n moments a s w e l l a s 
r e g i o n moments . For a g i v e n number of r u n s , N, t h e f i r s t p a r t becomes 
t h e minimum a v e r a g e b i a s p o s s i b l e and i s n o t c o n t r o l l a b l e by t h e e x p e r i ­
m e n t e r . The w o r t h of any method must t h e n be j u d g e d on t h e b a s i s of i t s 
p e r f o r m a n c e w i t h r e s p e c t t o 
B C = C £ [ ( M ' J M 1 2 - ^ y 1 2 ) y u ( M " J M 1 2 - y i i y 1 2 ) ] ^ 2 ( 3 * 4 4 ) 
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S i n c e our g o a l i s t o r e d u c e a v e r a g e b i a s , a s i m p l e m e a s u r e of 
s u c c e s s i s t h e p e r c e n t r e d u c t i o n i n t h i s t e r m . L e t e q u a l p e r c e n t 
r e d u c t i o n o r 
B -B 
R l = ° B C a X 1 0 0 % ( 3 * 4 5 ) 
co 
where B i s t h e v a l u e of B f o r t h e o r i g i n a l d e s i g n , and B i s t h e co c • ° 6 ' c a 
v a l u e a f t e r a u g m e n t a t i o n . The same measu re can b e u s e d f o r t o t a l b i a s . 
L e t 
R 2 " T T ^ * 1 0 0 % ( 3 . 4 6 ) 
S i n c e B^ , t h e u n c o n t r o l l a b l e p o r t i o n , i n c r e a s e s a s p o i n t s a r e added t o 
t h e d e s i g n , a p o i n t w i l l b e r e a c h e d where t h e q u a n t i t y b e g i n s t o d r o p , 
T h i s p o i n t i s d e f i n i t e l y r e a c h e d when B^ i s z e r o b u t may o c c u r b e f o r e 
t h i s i f t h e improvement i n B^ i s n o t a s g r e a t as t h e i n c r e a s e i n B^ due 
t o a d d i n g more r u n s . 
R^ and R 2 do n o t depend on t h e c h o i c e of $2^°' T h i s can b e s e e n 
by l e t t i n g Q Q r e p r e s e n t t h e t e rms i n s i d e t h e s q u a r e b r a c k e t s i n e q u a t i o n 
3 .44 so t h a t 
B = a ~ n Q a o n , ( 3 . 4 7 ) o - 2 0 o-20 
t h e n 
R = - 2 0 x o - 2 0 - 2 a x a - 2 a . ( 3 . 4 8 ) 
1 220 V 2 0 
S i n c e 
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- 2 0 = ^ - 2 / a 9 - 2 a = ^ - 2 / a ( 3 . 4 9 ) 
w i t h No = N and Na = N + m, t h e n 
H - 0 g ° Q N a Q a ( 3 . 5 0 ) 
O^O 
The same r e s u l t can b e shown f o r R^. 
The v a l u e of V i s c a l c u l a t e d f o r each d e s i g n , so t h a t t h e r a t i o 
of v a r i a n c e t o b i a s can b e c a l c u l a t e d . I f a v e r a g e v a r i a n c e i s v e r y much 
g r e a t e r t h a n a v e r a g e b i a s , t h e n t h e t e c h n i q u e d e v e l o p e d h e r e may n o t b e 
a p p r o p r i a t e . T h i s r a t i o , of c o u r s e , depends on t h e v a l u e chosen f o r 
l ^ / t f j b u t , i n p r a c t i c e , t h e u s e of a r a n g e of v a l u e s f o r ^ / o " s h o u l d 
g i v e some i n d i c a t i o n of any p o t e n t i a l d i f f i c u l t i e s . 
The v a l u e of J i s a l s o computed t o e n a b l e t h e i n v e s t i g a t o r t o 
examine t h e e f f e c t s of t h e p r o c e d u r e on t h e mean s q u a r e e r r o r . However, 
s i n c e t h e v a l u e of J depends on ^ / a , i t i s n o t u sed d i r e c t l y a s a c r i ­
t e r i o n , and i t s v a l u e can n o t b e used d i r e c t l y t o measure r e s u l t s . 
I n t h e l i t e r a t u r e t h e r a t i o of t h e d e t e r m i n a n t of (X 'x ) f o r t h e 
augmented d e s i g n t o t h e d e t e r m i n a n t of t h e o r i g i n a l ( x ' x ) i s used a s a 
measure of improvement f o r v a r i a n c e . T h i s same r a t i o i s u sed h e r e t o 
i l l u s t r a t e t h e e f f e c t s of t h e b i a s - o r i e n t e d p r o c e d u r e on v a r i a n c e . 
A l though t h e p r o c e d u r e i s c o n c e r n e d w i t h b i a s , v a r i a n c e a l s o w i l l 
i m p r o v e , a s t h e a d d i t i o n of any p o i n t c a u s e s | ( x ' x ) | t o i n c r e a s e . T h i s 
r e d u c t i o n of v a r i a n c e w i l l , i n g e n e r a l , n o t b e o p t i m a l . 
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CHAPTER IV 
DISCUSSION OF RESULTS 
The o b j e c t i v e of t h i s i n v e s t i g a t i o n was t o d e v e l o p a t e c h n i q u e 
f o r r e p a i r i n g u n d e s i g n e d e x p e r i m e n t s by t h e s e l e c t i o n of a d d i t i o n a l 
e x p e r i m e n t a l r u n s . Improvement i n t h e d e s i g n was t o b e measured by t h e 
p e r c e n t a g e r e d u c t i o n i n b i a s t e r m s . The FORTRAN program i n Appendix B 
was used t o s e l e c t a t o t a l of M a d d i t i o n a l r u n s f o r v a r i o u s u n d e s i g n e d 
e x p e r i m e n t s , where M i s t h e maximum number of r u n s a l l o w e d t o r e p a i r t h e 
d e s i g n . The v a l u e of M used i n t h i s i n v e s t i g a t i o n i s h i g h e r t h a n can b e 
e x p e c t e d i n a c t u a l a p p l i c a t i o n of t h i s t e c h n i q u e . T h i s a l l o w e d a more 
c o m p l e t e i n v e s t i g a t i o n of t h e e f f e c t s of a u g m e n t a t i o n . I f t h e number of 
a d d i t i o n a l r u n s a l l o w e d i s n o t l i m i t e d t o a number t h a t i s l e s s t h a n an 
a p p r o p r i a t e d e s i g n e d e x p e r i m e n t would r e q u i r e , u s e of t h e d e s i g n e d e x p e r i ­
ment s h o u l d be c o n s i d e r e d . Two methods of s e l e c t i n g t h e a d d i t i o n a l r u n s 
were u s e d . F i r s t t h e a d d i t i o n a l r u n s were s e l e c t e d one a t a t i m e ; i . e . , 
m = 1 i n e q u a t i o n 3 . 4 2 . Then u s i n g t h e same d a t a , t h e y were s e l e c t e d i n 
p a i r s ; i . e . , m ,= 2 . The r e s u l t s a r e t a b u l a t e d i n Appendix D. 
The u n d e s i g n e d e x p e r i m e n t s came from f o u r d a t a s e t s . These d a t a 
s e t s a r e r e f e r r e d t o a s A, B, C, and D f o r c o n v e n i e n t r e f e r e n c e and a r e 
shown i n T a b l e s 2 t o 5 i n Appendix C. 
The p a t t e r n s e a r c h used f o r m i n i m i z i n g F (x ) was programmed t o 
s e a r c h t h e r e g i o n of i n t e r e s t , R, a s w e l l a s p o i n t s o u t s i d e t h e r e g i o n . 
Use of d i f f e r e n t s t a r t i n g p o i n t s r e s u l t e d i n some d i f f e r e n c e s i n t h e 
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a d d i t i o n a l r u n s s e l e c t e d , b u t o n l y minor d i f f e r e n c e s o c c u r r e d i n t h e 
v a l u e of F ( x ) . The e f f e c t on t h e r e d u c t i o n of b i a s was n e g l i g i b l e . The 
r e s u l t s i n Appendix D a l l u sed s t a r t i n g p o i n t s of . 0 0 1 f o r each t r a n s ­
formed v a r i a b l e . The u s e of t h e e x a c t c e n t e r of t h e s c a l e d r e g i o n of 
i n t e r e s t c aused t h e p rogram t o e n t e r a c o n t i n u o u s l o o p . Any p o i n t w i t h ­
i n an e d i s t a n c e of t h e c e n t e r s h o u l d work w e l l . The c e n t e r of t h e 
r e g i o n i s u sed s i n c e t h e r e i s no t h e o r e t i c a l b a s i s f o r s e l e c t i n g s t a r t i n g 
p o i n t s f o r an u n d e s i g n e d e x p e r i m e n t . 
T a b l e 1 summar izes t h e r e s u l t s i n Appendix C. The optimum i s 
t h e maximum r e d u c t i o n of a v e r a g e b i a s a c h i e v e d f o r t h e d e s i g n c o n s i d e r e d . 
The v a l u e was n o r m a l l y r e a c h e d b e f o r e M r u n s we re added . T h i s s u g g e s t s 
t h a t an i n t e r a c t i v e computer p rogram c o u l d b e u sed v i a a t e r m i n a l . The 
o p e r a t o r would s t o p s e l e c t i n g f u r t h e r r u n s when d e c r e a s e d o r M r u n s 
had b e e n s e l e c t e d . I f a l l M r u n s a r e a d d e d , R^ i s t h e p e r c e n t a g e r e d u c ­
t i o n of b i a s b u t n o t o p t i m a l . 
T h e r e a p p e a r s t o b e no a d v a n t a g e i n t e r m s of b i a s i n s e l e c t i n g 
r u n s s i n g l y o r i n p a i r s . I n most c a s e s one a d d i t i o n a l r u n i s saved by 
u s i n g s i n g l e s e l e c t i o n r a t h e r t h a n p a i r e d s e l e c t i o n , b u t d a t a s e t C 
shows t h i s i s n o t a lways t h e c a s e . The d i f f e r e n c e i n R^ be tween t h e two 
methods i s s m a l l , and t h e c o s t of making a d d i t i o n a l r u n s would have t o 
b e c o n s i d e r e d b e f o r e a c l e a r - c u t c h o i c e c o u l d b e made. Use of b o t h 
t e c h n i q u e s a s shown h e r e would depend on t h e c o s t of compute r t i m e i n ­
v o l v e d . S e l e c t i n g a l l M r u n s a t one t i m e i s n o t a good p r o c e d u r e , a s 
t h e o p t i m a l R 2 c o u l d b e masked . 
T a b l e 1 a l s o i n d i c a t e s two c a s e s where t h e r e was no improvement 
i n a v e r a g e b i a s . Us ing d a t a s e t B, and c o n s i d e r i n g a f i r s t o r d e r model 
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T a b l e 1 . Summary of R e s u l t s 
Da ta 
Used V a r i a b l e s 
Orde r of 
Model 
' Used 
Maximum. Addi­
t i o n a l Runs 
Allowed 
Op t imum No. o f Runs 
m R 2 Added a t 
Optimum R.£^ 
F i r s t 5 2 . 2 
4 9 . 7 
F i r s t 10 8 5 . 7 
8 5 . 8 
F i r s t 10 •15.6 
- 5 . 0 
10 
8 
Second 10 8 8 . 1 
8 7 . 6 
Second 10 8 7 . 8 
8 2 . 1 
Second 10 2 0 . 2 
2 0 . 0 
Second 6 0 . 4 
6 0 . 1 
Second • . 3 
•12.0 
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and t h r e e v a r i a b l e s , T a b l e 14 i n Appendix C shows t h a t c o n t r o l l a b l e b i a s 
i n c r e a s e s w i t h t h e f i r s t a d d i t i o n a l r u n even though F (x ) d e c r e a s e s . 
E v e n t u a l l y c o n t r o l l a b l e b i a s i s d e c r e a s e d , b u t by t h i s t i m e u n c o n t r o l ­
l a b l e b i a s h a s i n c r e a s e d more t h a n t h e maximum p o s s i b l e d e c r e a s e i n con-r 
t r o l l a b l e b i a s . The d e c r e a s e i n F (x ) i n d i c a t e s t h a t t h e d e s i g n moments 
have changed b u t n o t enough t o compensa te f o r t h e change i n a^ , which 
i n c r e a s e s w i t h N, a s shown i n e q u a t i o n 3 . 5 1 . The d a t a i s s p r e a d o u t 
enough i n t h e r e g i o n of i n t e r e s t t o p r o t e c t a g a i n s t t h e t r u e model b e i n g 
second o r d e r . A n o t h e r a p p r o a c h s h o u l d b e u s e d f o r r e p a i r i n g t h i s u n d e ­
s i g n e d e x p e r i m e n t . 
Two r e g i o n s of i n t e r e s t were u sed w i t h d a t a s e t D. For D^, t h e 
r e g i o n of i n t e r e s t i s a c i r c l e of r a d i u s 1 . 4 1 , a s u sed by Hebb le and 
M i t c h e l l ( 9 ) . R e d u c t i o n s i n a v e r a g e b i a s of 60% a r e a c h i e v e d and a 
c o m p a r i s o n of t h e a d d i t i o n a l r u n s s e l e c t e d w i t h t h o s e c o n s i d e r i n g v a r i ­
ance i s found i n F i g u r e 1 . Us ing t h i s same d a t a w i t h a r e g i o n of 
i n t e r e s t t h a t i n c l u d e s a l l t h e p o i n t s i n D^, r e s u l t s i n a c i r c l e of 
r a d i u s 1 . 7 . I n t h i s c a s e c o n t r o l l a b l e b i a s i s r e d u c e d b u t n o t enough 
t o overcome t h e i n c r e a s e i n u n c o n t r o l l a b l e b i a s , a s shown i n T a b l e 3 4 , 
Appendix C. T h i s i m p e r f e c t c e n t r a l c o m p o s i t e d e s i g n w i t h two c e n t e r 
p o i n t s i s n o t a good c a n d i d a t e f o r b i a s c o n s i d e r a t i o n and s h o u l d b e 
examined w i t h r e s p e c t t o v a r i a n c e . 
F i g u r e 2 p r e s e n t s a c o m p a r i s o n be tween D y k s t r a ' s c h o i c e of a d d i ­
t i o n a l r u n s b a s e d on v a r i a n c e c o n s i d e r a t i o n s and t h o s e s e l e c t e d h e r e 
b a s e d on b i a s . A second o r d e r model i s u s e d w i t h d a t a s e t B. The p o i n t s 
s e l e c t e d a r e q u i t e d i f f e r e n t . C o n s i d e r i n g b i a s w i t h e i t h e r m = 1 o r 
m = 2 , a d d i t i o n a l r u n s a r e t a k e n i n t h e second q u a d r a n t . A p p a r e n t l y 
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<S> 
<3D 
<£> 
Legend 
• O r i g i n a l Runs 
<S> Hebb le and M i t c h e l l 
• A l l B i a s , m = 1 
F i g u r e 1 . A d d i t i o n a l R u n s , D a t a S e t D, R = 1 . 4 1 
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<s> 
® 
Legend 
• O r i g i n a l Runs 
<!> D y k s t r a 
® A l l B i a s , m = 1 
^ A l l B i a s , m = 2 
<S> 
F i g u r e 2 . A d d i t i o n a l R u n s , D a t a S e t B, Second O r d e r 
30 
a f t e r b a l a n c i n g t h e e x p e r i m e n t i n t h e second and f o u r t h q u a d r a n t , t h e 
heavy c o n c e n t r a t i o n of p o i n t s i n t h e t h i r d q u a d r a n t becomes i m p o r t a n t 
and i s o f f s e t by a d d i n g r u n s i n t h e f i r s t q u a d r a n t . Comparing t h e r u n s 
added f o r m = 1 and m = 2 , t h o s e added i n p a i r s b a l a n c e each o t h e r i n 
one v a r i a b l e or a n o t h e r w i t h i n t h e p a i r . Those s e l e c t e d s i n g l y do n o t 
f o l l o w t h i s p a t t e r n . 
Use of t h i s d a t a a l l o w s c o m p a r i s o n of t h e e f f e c t of a d d i n g r u n s 
by t h e method i n t h i s i n v e s t i g a t i o n a s opposed t o v a r i a n c e t h r o u g h com­
p a r i s o n of t h e r a t i o ' s of | ( X ' X ) | . D y k s t r a , a f t e r a d d i n g s i x r u n s , h a s 
a r a t i o of 3 .39 x 1 0 " \ I n t h i s s t u d y a d d i n g s i x p o i n t s , m = 2 , r e s u l t s 
i n a r a t i o of 1.98 x 1 0 " \ For f i v e a d d i t i o n a l r u n s D y k s t r a h a s an 
| ( x ' x ) | r a t i o of 1 .75 x 10"*, w h i l e ou r method w i t h m = 1 , h a s a r a t i o 
of 1.2 x 10"*. Thus , c o n s i d e r i n g b i a s a l o n e , t h i s p r o c e d u r e h a s a l s o had 
an a f f e c t on v a r i a n c e t h a t i s c l o s e t o t h a t o b t a i n e d by c o n s i d e r i n g 
v a r i a n c e a l o n e . 
The v a l u e of a v e r a g e mean s q u a r e e r r o r was computed f o r e ach 
d e s i g n i n o r d e r t o examine t h e e f f e c t s of t h i s p r o c e d u r e on i t s v a l u e . 
For t h o s e c a s e s where t h e p r o c e d u r e i s recommended f o r u s e J i s found 
t o d e c r e a s e i n i t i a l l y . Depending on t h e v a l u e of §2^° u s e d , which 
d e t e r m i n e w h e t h e r v a r i a n c e o r b i a s i s t h e l a r g e s t c o n t r i b u t o r t o t h e 
v a l u e of J , i t may r e a c h a minimum. T h i s happens when t h e v a l u e of b i a s 
i s i n c r e a s i n g due t o an a d d i t i o n a l r u n more t h a n v a r i a n c e i s d e c r e a s e d . 
For ^2^° ~ 1 0 . 0 i t o c c u r s f o r e v e r y e x p e r i m e n t where t h e p r o c e d u r e i s 
recommended. O t h e r v a l u e s of f^/0 ^ ° n o t a l w a y s e x h i b i t t h i s e f f e c t . 
The number of a d d i t i o n a l r u n s n e c e s s a r y t o r e a c h minimum J a l s o depends 
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on ^2^°9 ^ u t i n no c a s e d o e s J minimum o c c u r i n l e s s a d d i t i o n a l r u n s 
t h a n r e q u i r e d f o r optimum R^. T h i s i s t o b e e x p e c t e d s i n c e b i a s d o e s 
n o t i n c r e a s e i n v a l u e u n t i l optimum i s r e a c h e d . The c a l c u l a t i o n of 
v a r i a n c e t o b i a s r a t i o s p roved m e a n i n g l e s s f o r d e t e r m i n i n g when t h e 
t e c h n i q u e would n o t work . The t e c h n i q u e worked w e l l even when V/B 
a p p e a r e d h i g h , a s i n T a b l e 2 2 , y e t f a i l e d when V/B a p p e a r e d a v e r a g e , 
a s i n T a b l e 1 4 , a t t h e o p t i m a l number of a d d i t i o n a l r u n s f o r b i a s . 
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CHAPTER V 
CONCLUSIONS AND RECOMMENDATIONS 
C o n c l u s i o n s 
T h r e e s i g n i f i c a n t c o n c l u s i o n s a r e i n d i c a t e d by t h e r e s u l t s of 
t h i s s t u d y . They a r e : 
1 . Undes igned r e s p o n s e s u r f a c e e x p e r i m e n t s may b e improved 
w i t h r e s p e c t t o a v e r a g e s q u a r e d b i a s by t h e s e q u e n t i a l a d d i t i o n . o f 
r u n s t h a t a r e s e l e c t e d t o m i n i m i z e t h e f u n c t i o n F ( x ) . 
2 . The method u s e d i n d i c a t e s when improvement i n a v e r a g e b i a s 
i s n o t p o s s i b l e . 
3 . The s i m u l t a n e o u s s e l e c t i o n of a l l a v a i l a b l e a d d i t i o n a l r u n s 
r a t h e r t h a n s e q u e n t i a l s e l e c t i o n w i l l n o t , i n g e n e r a l , r e s u l t i n t h e 
optimum r e d u c t i o n of a v e r a g e b i a s . 
Recommendat ions 
Dur ing t h i s i n v e s t i g a t i o n s e v e r a l a r e a s were e n c o u n t e r e d t h a t 
m e r i t f u r t h e r s t u d y . A number of u n d e s i g n e d e x p e r i m e n t s s h o u l d b e 
examined t o d e t e r m i n e i f t h e o p t i m a l r e d u c t i o n s of a v e r a g e b i a s u s i n g 
m = 1 and m = 2 a r e a lways a c h i e v e d w i t h i n one a d d i t i o n a l r u n of e ach 
o t h e r . I f s o , a t e c h n i q u e d e t e r m i n i n g an o p t i m a l r e d u c t i o n i n a v e r a g e 
b i a s w i t h m = 2 c o u l d b e u sed f i r s t . Then , u s i n g m = 1 , a s e a r c h c o u l d 
b e made t o d e t e r m i n e i f i n c r e a s i n g o r d e c r e a s i n g t h e number of r u n s 
would r e s u l t i n a g r e a t e r r e d u c t i o n i n b i a s . 
The p o t e n t i a l p r o b l e m s due t o t a k i n g t h e a d d i t i o n a l r u n s a t a 
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d i f f e r e n t t i m e and u n d e r d i f f e r e n t e x p e r i m e n t a l c o n d i t i o n s have n o t b e e n 
c o n s i d e r e d i n t h i s i n v e s t i g a t i o n . The u s e of s t a n d a r d t e c h n i q u e s f o r 
b l o c k i n g s h o u l d be examined . 
The m a t r i x (y^jM.^) i- s u sed i n d e t e r m i n i n g t h e a v e r a g e v a r i a n c e . 
T h i s m a t r i x i s n o t s y m e t r i e i n an u n d e s i g n e d e x p e r i m e n t and i s n o t 
s i m i l a r t o t h e u s u a l v a r i a n c e - c o v a r i a n c e m a t r i x . The meaning of t h e 
o f f - d i a g o n a l t e rms i n t h i s m a t r i x i s n o t c l e a r and s h o u l d b e s t u d i e d 
f u r t h e r . 
T h i s i n v e s t i g a t i o n showed t h a t an o p t i m a l r e d u c t i o n i n a v e r a g e 
b i a s i s o f t e n r e a c h e d b e f o r e t h e t o t a l number of a d d i t i o n a l r u n s a v a i l ­
a b l e i s u s e d . U s i n g a v a r i a n c e c r i t e r i o n t o s e l e c t any r e m a i n i n g r u n s 
c o u l d o f f e r f u r t h e r improvement i n t h e d e s i g n . The e f f e c t of t h e s e 
a d d i t i o n a l r u n s on b i a s may be d e t r i m e n t a l , howeve r , and a measure of 
d e s i g n improvement may be d i f f i c u l t t o d e t e r m i n e . 
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APPENDIX A 
DESIGN MOMENTS AND REGION MOMENTS 
The d e s i g n moments m a t r i x i s d e f i n e d t o b e 
N 1 ( X 1 X 1 ) ( A . l ) 
where N i s t h e t o t a l number of e x p e r i m e n t a l r u n s i n t h e d e s i g n . In t h e 
f i r s t o r d e r c a s e 
- 1 N X^X^ = (1»;^»X2» • • -x^) 
Sym* 
S i 
X 
"2 
w 
1 [1] [2 ] . . . [k] 
[11] [12] . . . [ I k ] 
[22] . . . [2k] 
[kk] 
(A.2) 
where t h e s q u a r e b r a c k e t n o t a t i o n r e f e r s t o f i r s t o r d e r moments 
1 n [ i ] = - Z x . 
n T i u u = l 
(A. 3) 
and second o r d e r moments 
1 n [ i i ] = - Z x . x . n i i u i u u = l J 
(A. 4) 
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For t h e second o r d e r c a s e f o r k = 2 
N 1 X 1 X 1 = 
1 [1] [2] [11] [22] [12] 
[11] [12] [111] [122] [112] 
[22] [211] [222] [122] 
[1111] [1122] [1212] 
[2222] [1222] 
j Sym. 
I [1122] 
(A.5) 
An example of a t h i r d o r d e r moment b e i n g 
1 n 2 [112] - - Z x^ X 9 n . l u 2u u = l 
(A.6) 
and an example of f o u r t h o r d e r moments b e i n g 
1 n 2 [1122] == - E x^ x 9 n _ l u 2u u = l 
(A.7) 
S i m i l a r l y f i f t h o r d e r moments would b e 
n 
[ l i k l m ] = — E x . x . x. x , x J n i i u j u l u l u mu u = l J 
(A.8) 
Region moments a r e of t h e form 
y 1 2 = / R x l x 2 d x (A.9) 
where x^ i s from t h e p o s t u l a t e d model 
y = X ; L 3 (A.10) 
37 
and ^2 i s from t h e assumed t r u e model 
y = X T + x 2 ^ 9 (A.11) 
These may be e v a l u a t e d u s i n g 
r 1 2 k 
/ R X l x 2 . . . . x k dx = 
(A.12) 
i = l fc 
+ 1 
where T i s t h e u s u a l gamma f u n c t i o n , t h a t i s , 
( ? ) = r v p - v v dv (A.13) 
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APPENDIX B 
FORTRAN PROGRAM 
C REPAIRING UNDESIGNED EXPERIMENTS 
REAL MU11,M'J 
DIMENSION MU1 1C21,2»),MUC21,35),C0NC35,3S) 
DIMENSION 5MIC2!,2I>,SMl2C21,3S),S8C5),C3CS> 
DIM ESS I ON r.(5,oi),XS(5»3e).S! 51, *>VG( 5 ) , DSX C 5 * 36) , DELC 5> 
DIMENSION XSXC36,2I ).XSXTC21,36),XSTXSC2 I,21> 
DIMENSION X2C36,35),D£TXSC17) 
DlttENSirs' VC2>,.JCC22> 
DIMENSION B?A(I 7.5), CBAC17,S) 
DIMENSION 9!ASC17,S),PERREDC17,5),8IAREDC17#5),JAUG<I7> 
DIMENSION WARC17) 
DIMENSION VALCJ7),NFEC17),RATIOC17) 
DIMENSION VARC17),VAC21,21),VHRCI 7,S),AJBVC17,5* 
COMMON/ Ar/K»NM,KEY,KOr. DER 
COMMON /A2/t MAXC 5),5MlNC 5),BASENC 5,36),NN, DELTAC5)#AP 
COMMON/A3/'rN,NE,M»MM 
COMMON/AA/ RC5,2) 
COMMON/AS/KG,KI ,K2,K3,KA,K5,K11,K14,I I , KS 
C0MM0N/A6/BETSI G 
C M IS NO. OF PCI NFS IN D 
C M IS NO. OF POINTS SELECTED AT A TIME 
C KEY IS USED FCR SELECTED OUTPUT 
C KORDER IS A FOR FIRST ORDER, 10 FOR SECOND 
C AP IS TOTAL HO. OF POINTS TO BE ADDED 
C K IS THE NO. OF VARSABLES 
C D IS THE DESIGN MATRIX 
C DEL IS THE ACCURACY DESIRED CN THE VARIABLES 
C R IS THE REGION OF INTEREST OF EACH VARIABLE 
C BASEN IS THE START POINT FOR EACH VARIABLE 
C SCALEA SCALES THE DESIGN TO THE REGION • 
C FUNVAL EVALUATES THE FUNCTION FIX) 
C XMTX DETERMINES THE XI AND X2 MATRICES 
C COMU COMPUTES THE REGION MOMENTS 
C MINMI7. IS THE HOOKE AND JEEVES ROUTINE 
C KX'i'RN,MX«LT,GJH ARE SUBROUTINES FOR MATRIX 
C TRANSPOSITION. M'.."LTI PL. I CAT ION , AN O 1HUER.SE/0CTZRXUIAMT 
C EBB CALCULATES BIAS VALUES 
INTEGER U,AP 
RLADC5,<J99) I RUNS 
DO A 1-1,5. 
DO A U«l,36 
A D<I,U)«0. 
READC 5,i 000) N,M,KEY,KORDER,AP,BETSIG 
DO 1 J*i,N 
1 READC5, 1001 X DC I, J ) , I«l ,X> 
READC5,100l) CDELCI ),I-1,K> 
DO 100 IR=I,IRUNS 
DO 2 1-1,21 
WAR(J )»O. 
2 VARCD-O. 
READ(5,1000) N,M,KEY,KORDER,AP,K,BETSIG 
R£ADC5,20S0) (C. p.<I,J),J*|,2),I»I,K) 
READC5,1001) CEMAXCJ),I-l,K) 
DO 5 I-1,K 
SMINCI)--EMAXC I ) 
5 DELTACI?«1.6 
NN-N+1 
MM»N*AP 
OI-I 
IN«N 
3 NH»M 
BNM«NM 
1AP-AP 
KN«0 
DO 7 I-I,K 
DO 7 J»I.MM 
7 BASENCi,J)*0.C01 
10 CALL SCALEAC D,X5, S,AV3) 
CALL FUWALCXS, 5CLVAL) 
NF£O)"0 
CALL XMTX<XS,XSX,X2> 
CALL COMUCMUl UMU.CON) 
15 FVALUE-SCLVAL 
NAP»0 
AP*M 
IFCJI.EQ.t) GO TO 760 
41 CALL MI NMI Z <XS.» DEL . yVALUE) 
NN»NN*M 
VALCJl)»FVALUE 
NFE<JI>»NE 
CALL XMTXCXS,XSX,X2) 
760 CALL MXTPN<XSX,XSXT,NM,K4,36,21> 
CALL MXMLTCXSXT,XSX,XSTXS,K4,NM,K4,2I,36> 
V<l)»3. 
CALL GJRCXSTXS,2»,21,K4,K4,S60,JC,V> 
DETXSCJI)»VC1)*EXP<U<2>> 
RATI0<Jl>»DETXSCJl)/DETXS(1> 
CALL MXMLTCXSXT,X2,SM»2,K4,NM,K14,2l,36> 
DO 800 I»1,K4 
DO 800 J«l,Kt4 
800 SMl2CI,J)»SM12CI,J)/NM 
DO 202 I»1,K4 
DO 202 J«1,K4 
202 SMICI, J ) = BNM*XSTX5C 1, J) 
CALL B8BCKU1!,MU,CON*SM!2,SMI,BS,CB) 
CALL MXMLTCSMI„MU11,VA,X4,K4,K4,21,21> 
DO 680 l«li.K« 
DO 681 J*'.<K4 
681 VVARCJl>«VVARCJl)+VACItJ) 
680 VAR<J1)»VARCJl>+VAU,O 
DO 690 I«l ,5 . 
BBA(JI,I)«BBU> 
CBACJI,i)=CBC!> 
BIA5CJI,1JaBBACJi,I)+C8A(JI,15 
PERREDCJI,I )=»C<BSAC i,I )-B8£C Jl', I))/B3A( 1,I>>*100 
BIAREDCJI,1 V= C <BIAS< i,I)-BI AS<Jl,I> )/BTAS<1,I> >*»«0 
JAUGCJI)«JI-!+!N 
VBRCJI,I>*VAR<Ji>/BlAS<Jl,I) 
AJBVCJI,I)»BIASCJI,S)*VARCJI» 
690 CONTINUE 
NAP»NAP*M 
IFCNAP.GT.IAP) GO TO 55 
NM-NM+M 
JI»JI*M 
GO TO 41 
55 CALL DESCLCXS,S,AVG,DSX) 
IFCXORDER.EQ. 4) G.0 TO 21 
VRITE<6,4002) N,K,M 
VRITEC6,1010) 
GO TO 1 1 
21 VRITEC6,4001) N,K,M 
WRITE<6,1010> 
11 VRITEC6,4000) HMAXC1>,RC1,I), DELTAC t) -
KAP«IAP*1 
VRITEC 6,4004) 
VRITEC 6,1010) 
VR!TE<6,4003) 
VRITEC 6,1010) 
DO 12 I«1,KAF,H 
12 VRITEC6,4005> JAUGCI),<CBA<I,J),J»!t5) 
VRITEC 6, 1010) 
26 VRITEC6,4006) 
VRI TEC 6, I 0 I 0 > 
VRITEC 6,4030> 
VRITEC 6,1010) 
DO 13 I*1,KAP,M 
13 VRITEC6..4007) JAUG i I > , < BBAC I , J) , J« I , 5) , PEKREDC I , 1 ) 
VRITEC 6, 1010) 
URITEC 6,400ft) 
VRITEC 6,1010> 
WRITE* 6 ,4031> 
VRITEC 6,10i0> 
00 14 1=1 ,K>-P,« 
14 VRITEC6,4007) JA'JG C I ) , i Bl ASC I . J ) , J* I . 5> , Bl AREDC I, t > 
VRI TEC 6, 1010> 
VRITEC6,905> 
25 WRITEC6,4017> 
VRITEC 6,1010) 
VRITEC6,4032) 
VRI TEC 6, 10 1 0 > 
DO 23 I*1,KAP,M 
23 VRITE<6,4007) JAUGCI),CVBRCI,J),J=I,5),VAR<I> 
VRI TEC 6,1010) 
VRITEC6,4018) 
WRITEC6,1010) 
VRITEC6,4003) 
VRIT EC 6,1010) 
DO 24 I=1,KAP,M 
24 VRITE<6,4005) JAUGC I ) , C AJBVU , J) , J« 1, 5> 
VRITEC 6,1010) 
VRITEC6,905? 
VFITEC6,906) 
VRITEC6,906) 
WRITEC 6,1010) 
IFCK.EQ.3) GO TO 19 
VRITEC6,4010) 
VRITEC 6,1010) 
17 VRITEC 6,4012) JAUGf1),VALC1),RATIO<1> 
IF>'M.E3.2) GO TO 550 
IFCK.EC.3) GO TO 18 
DO 22 I«2,KAP 
I'U* I*IN-i 
22 VRIT£C6,4014) JAUG C I 1 , VALC I ) , RATI 6 < I ) , PERREFC ! , 2>* 
1BIAREDC1,2),CDSXCJ,IU),J»l,2) 
--VRITEC6, 1010) 
GO TO 100 
18 DO 16 I =» 2,KAP 
IU=I*IN-1 
16 VRITEC 6,4013) JAUGCI),VALCI),RATI0CI),PERRED< I,2)# 
1BIAREDCI,2),CDSXCJ,IU),J»l,3) 
VRITEC 6,1010) 
GO TO 100 
550 IFCK.EQ.3) GO TO 580 
DO 551 I»3,KAP,M 
lU=»I*IN-2 
VRITEC6,4019) C DSXCJ,IU),Jal,2) 
IU»IU*1 
551 VRITEC6,4014) JAl'G C I ) , VALC I ) , RATI 0 C I ) , PERREDC I , 2)j. 
1BIAREDCI,2>,CDSXCJ,IU),J=»l,2) . 
VRITEC 6,1C!0) 
GO TO 100 
580 DO 555 I»3,KAP,M. -
1 U*I t-lM-2 
VRITEC 6,4020) C DSX C J , 1 U) , J* l.» 3> 
IU*=IU+1 
555 WRITEC6,4013) JAUG CI),VALCI),RATIOCI> , PEHREDt1,2), 
1 BIAREDC l',2), CDSX'C J, IU), J- 1, 3) 
VRITEC 6,1010) 
GO TO 100 
19 VRITEC 6,4011) 
VRITEC6,1010) 
GO TO 17 
60 VRITE<6.:3C20) JC< I ) , VC I ) » VC 2) 
VRITE(6,90 5) 
DC 50 1 1=I»N 
501 VRI TEC 6.* 10081CXSXC'I,J)*J» J#K4) 
VRlT£C6,90t) 
DO 50 6 I » 1 > N 
506 WftlTEC6,10035CX2t:i,J),J"H,K44) 
WRITE<6,906) 
DO 507 I»1,K4 
507 VRITEC6, 1008><VA<IsJ),i,'>l,K4) 
VRITEC6,906) 
DO 505 I«1,K4 
505 VRITEC6, 1008>CSM12CI,J),J«|,KlA) 
DO 504 I-1,K4 
504 VRITEC6, 10C3)(XSTXS<I,J),J-WK4> 
VRITEC6,905) 
502 VRlT£C6,100a)CXSXCNM,J),,J-l,K4> 
VRITEC6,906) 
503 VHITEC6,1008)CX2CNM,J),J»l,Kl4) 
100 CONTINUE 
URITE< 6 .905) 
900 FORMATCFl5.2) 
905 FORMAT < 1HI > 
906 FOHMATC1H0) 
999 FORMATCIIO) 
1000 F0RMATC6I 5,F5.2) 
1001 F0RMAT(5F15.5) 
1004 FORMATCSF10.5) 
1005 F0RMAT<10F10.2) 
1010 FORMATC 1H ,T20,40H • ——« „ 
230H ) 
2030 FORMATC10F7.2) 
3020 FORMATC/T10, 14HAT G«JR JCC1>» ,F5.2,4HV « ,F5.2,F10.3> 
4000 F0RMATC3F10.2) 
AOOl FORMATC1H1,3X,IS,1AH ORIGINAL RUNS,12,IOH VARIABLES* 
H3H FIRST ORDER,AH M-,I2) 
4002 FORMATC1 HI,3X,12,1 AH ORIGINAL RUNS,12,10H VARIABLES, 
21AH SECOND ORDER,AH M»,I2) 
4003 FORMATC T2 1, 13H RUN B/S=»0.5 ,TA1,3H1.0,T50,3H2. 3, 
3TS9,4H5.0 ,T69,4H10.0) 
4004 FORMATCIH1,T35,23HVALUE OF UNCONTROLLABLE, 
416H PORTION OF BIAS) 
4005 F0RMATCT22, I2,T25,T8. 1,T36,F8.1 , T A S , ^ 8 . !,T5S,-F8.4#T65,F8. ) > 
4006 FORMATC I HO, T26,27HVALUE AND PERCENT REDUCTION, 
532H OF CONTROLLABLE PORTION OF BIAS) 
4007 F0RMATCT22,I2,T25,F8. 1,T36,F8. 1,TA5,F8. 1, T55,F8.I*T65,F8.1, 
7T7 5, F8. 1) 
4008 FORMATC1 HO,T37,35HVALUE AND PERCENT REDUCTION OF BIAS> 
4010 FORMATCT21,12HRUN FUN C T.ICN,T38,3HX *X,T49,2HR1# 
5TS8,2HR2,T69,2HX1,T81,2KX2) 
4011 FORMATC T2 1 , 12HRUN FUNCTION,T38,3HX*X,T49,2HR1* 
5T58,2HR2,T66,2HX1,T75,2HX2,T83,2HX3) 
4012 F0RMATCT21,I2,T23,F9.1,2X,IPE9.3) 
4013 FORMATC T21, I2,T2:3.,F9. 1,2X, 1PE9.3, 1X,0PF8. I , 
31X,F8.I,F9.3,F9.3,F9.A) 
4014 FORMATC T21,I 2,T23,F9.I, 2X,1PE9. 3,IX,OPFS. I , 
31X,F8.l,T6fl,F9.3,T76,F9.3) 
4017 FORMATC1 HO,T3A,16HVARIANCE TO BIAS, 
925H RATIO, VALUE OF VARIANCE) 
4016 FORMATC 1HCT50, 10HVALUE CF J) 
4019 F0RMATCT6A,F9.3,T76,F9.3) 
4020 FORMATC Xb1,F9.3,T70,F9.3,T79,F9.4) 
4030 FORMAfCT21,13K PUN B/S=0.5 , T41, 3H 1 . 0, TSO, 3H2. 5, 
3T59,AH5.0 ,T69,AH10.0,TS0,2HR1) 
4031 FORMATC T21,13H RUN B/S-0.5 ,T41,3H1-0,T50,3H2. 5, 
3T59,4H5.0 ,T69,AH 10.0,T80,2HR2) 
4032 FORMATC T21, 13H HUN B/S-->0.5 , TA 1 ,3H 1 . 0, T50, 3K2. 5, 
3T59,4HS.O , T69, AH 1 0. G, T77,8HVARI ANCE) 
END 
42 
SUBROUTINE BSBCMU1 1,MU,C0N,SMI2,SMI ,BB,CB> REAL MU1 1 ,MU 
DIMENS ION MUI I C2l,2i 3 ,MU<21,35),COMC35, 35) 
DIMENSION SMI(2t,21),SM12C2l,35>,8BC5>,CB<5> 
DIMENSION BC I,1>,CCI,1) 
DIM EMS 1 OH ALIASC21,35),DMRC21,35>, DMRT<35,21) . 
DIMENS I ON CCOMC » ,35),ALPWA-2C 1,35) 
DIME NSION I»U(31),2!),ft;35,3-:.J,ALPHAT(35,l>#AO<l.35) 
COMMON /A I /K,NM,.KEY, KORDER 
C0MM0N/A5/K0,K: ,K2,K3,K4,K5,K11,K14,1I,KS 
COMMON/ A6/BETSIG 
ANM-NM 
BETS IG-0.5 
KB- 1 
XJ-1 
110 Do 11 J«1,KI4 
II ALPHA2CI,J)«CANM**.5)*8ETSIG 
CALL MXMLTCSMI,SM12,ALIAS,K4,K4,X!4,21,21) 
CALL MXSUB<ALIAS,MU,DMR,K4,KI 4,21) 
CALL MXTRNCALPHA2,ALPHAT,1,KI4,1,35> 
CALL MXTfiNCEMR,DMRT,K4,K14,2l,35) 
50 CALL MXKLTC DMRT,MUI i,rwu,Ki4,K4,K4,35,2i> 
CALL MXMLTC DMU, DMR,0,K14,K4,K14,35,2l) 
CALL MXMLTCALPHA2,G,AQ,1 , KI 4,Kl4,1,35) 
CALL MXMLTCAO,ALPHAT,B,1,K14,1,1,35) 
180 CALL MXMLTCALFHA2,CON,CCON,1,K14,K14,1,35> 
CALL MXMLTCCCON,ALPHAT,C,1,K14,1,1,35) 
BBCXB)=B<1,1) 
CB<KB)=»CC 1, 1 > 
KB=XB*1 
IFCBETSIG - I .) 115,120,300 
115 BETSIG=1. 
GO TO 1 10 
120 BETS IG =2.5 
IFCKEY.EQ.l) GO TO 110 
VRITEC 6,1001) 
VRITEC 6 ,1000) CALPHA2C1,1),I*1*K14) 
VRITEC6,S 001) 
DO 15 I"I,K4 
15 VRITEC6,1000)CSMICI,J),J«1,K4) 
VRITEC 6 ,1001) 
DO 16 I« 1,K4 
16 VRITEC6,1000)<SM12<I,J),J"»1,K14) 
VRITEC6,1001 ) 
DO 17 I«1,K4 
17 VRITEC 6,1000)CALIAS<1#J)#J"1,K14) 
VRITEC 6,1001) 
DO 18 1=1,K4 
• 18 VRITEC6, 1000XMUC J, J) , J=l ,K1 4) 
VRITEC 6,100 1 ) 
DO 19 1=1,K4 
19 VRITEC6,1000)CDMRCI,J),J™l*X14> 
VRI TEC 6,1001) 
DO 20 I=»1,X14 — - -
20 VRITEC6, 1000)C DMUC I , J ) , J«* 1#K4) 
VRITEC 6,1001) 
DO 21 I«1,KI4 
21 VRI TEC6, 1QO0XQC !««!>• J*1,X14) 
VRITEC 6 ,1001 ) 
VRITEC 6, IC00)CAQC 1,J).»J=1 ,X14) 
VRI TEC 6, I 00 1 ) 
VRI TEC 6, 1000) Bc: i ̂  I > 
GO TO 110 
300 BETS IG «BETSIG*2. 
IFCBETSIG.LT.11.0) GO TO 110 
1000 FORMATC 10F7.2) 
1001 FORMATC1 HO) 
1002 FORMA 7C:iiC,F!S:2> 
200 RETU RH 
END 
SUBROUTI NE CGMU(MUIl,MU,CON) 
REAL MU1l,MU 
REAL MUI,MU12,MU12MU,MU12T,MU22 
DIMENSION MUl 1(21,21 ),MU<21,35),CON(35*35) 
D1MEN SION V(2),JC<21) 
DI MENS I ON M'Jl 2(2 1,3 5) ,MUI (21 .21 ) 
DIMENSION MUl2T(35,21),MU12MU(35,35) 
DIMENSION MU22(35,35) 
COMMO N/AI/K,NM,KEY,KORDER 
COMMO N/A5/K0,K1,K2,K3,K4,K5,X11,KIA,II,KS 
COMMON/ A6/8ETSIG 
AK-K 
AK1-I/(AK+2.) 
AK3-3/((AK+2.)*(AK*4.)> 
AK2=1/( (AK<-2. )*(AK*A. ) ) 
AK4-15/((AK+2.)*(AK+4.)*(AK+6.)> 
AK5»3/((AK-2.)*CAK+4.)*(AK+6.)) 
AK6*I/((AK+2.)*(AK*4.)*(AK+6.)> 
II»KS-K*1 
Kll-K+K 
K12*KS+1 
DO 50 1=1,KA 
DO 50 J=1,K4 
50 HU1I(I,J)»0. 
DO 60 I«1,K4 
DO 60 J*1,K14 
60 MU12(I,J)-0. 
DO 70 I-1,K14 
DO 70 J-1,K14 
70 MU22U,J)»0. 
MU11<1,1)»1. 
DO 11 I*2*K0 
11 MU11(1,1)=AK1 
IF<K0RDER.EQv4> GO TO 17 
DO 12 J=K1,K2 
MU11(J,1>«AX1 
12 MUl1(1,J)»AK1 
DO 13 I«K1,K2 
13 MU1KI,I)-AK3 
DO !5 I»K1,K2 
DO 24 J«K1,K2 
1F(1.E0.J)G0 TO 24 
MUl1(I,J)«AK2 
24 CONTINUE 
15 CONTINUE 
DO 16 I»K3,K4 
16 MU11<I*I)-AK2 
J*l 
DO 19 1-2,KO 
MU12<l#i?)=AK3 
LL-J+1 
LLC»J+X-1 
DO 18 L*LL,LLL 
18 KU12(I,L)»AK2 
JsJ+K 
19 CONTIN UE 
GO TO 22 
17 DO 21 1 = 1,K 
2! MU12(l,I)»AKl 
22 IF(KORDER.E0.4) GO TO 31 
DO 23 I-1,II,K 
KU22(I * I)-AK4 
JJ«I*I 
JJJ-H-K-l 
DO 23 J-JJ,-JJJ 
23 MU22<J,J)-AK5 
DO 32 I- ! , I I ,K 
JJ»I«! 
JJJ"*1+K-S 
DO 32 J"JJ ,JJJ 
HU22CI,J)«AK5 
32 MU22CJ,I)«AKS 
IFCK.EQ.2) GO TO 33 
DO 25 I«2,KS,X 
JJ-I+1 
«I«JJ*I*K-2 
DO 2 5 J«JJ,JJJ 
MU22CI,J)=AK6 
25 MU22< J,I >«=AK6 
DO 26 I«K12,K14 
26 MU22CI,I)»AK6 
GO TO 33 
31 DO 27 1=1,K 
27 MU22CI,I)=AK3 
DO 28 I=K0,K11 
28 MU22CI,I)=*.K2 
DO 30 I»1,K 
DO 29 J«1,K 
IFCI.EO.J) GO TO 29 
KU22CI,J)«AK2 
29 CONT INUE 
30 CONTIN UE 
33 V( l ) c | . 
DO 14 I«1,K4 
DO 14 J=1,K4 
14 MU!(I,J}»MU11<I,J) 
CALL. GJRCMUI , 21 ,21 ,K4,K4, 51 SO, JC, V> 
CALL MXMLTCMUI,MU»2,MU,K4,K4,K14,21,21) 
CALL MXTRNCMU12,MU12T,K4,K14,21,35) 
CALL MXMLTCMUI2T,MU,MU12MU,K14,K4,K14,35,21> 
CALL MXSUBCMU22,MU12MU,C0N,K14,K14,35> 
IFCKEY.EQ.l) GO TO 200 
VRITEC6,501) K0,K1,K£,K3,KA,K5,X11,K14,I2,K5 
VRITEC6,502> 
DO 400 1=1,K4 
400 VRITE<6,500) <MUI1<I,J),J*l,K4> 
VRITEC6,502) 
DO 410 1=1,K4 
410 VRITE(6,500) CMU12CI,J),J-1,K14) 
VRITEC 6,502) 
DO 420 1=1,K14 
420 VRITE(6,500) <MU22<I,J),J*l,K14> 
VR1TE<6,502) 
DO 430 1=1,K4 
430 WRITE<6,500XMUI«CI,J>,J»1,K4) 
VRITEC6 , 502) 
DO 440 I«1,K4 
440 VRITEC6,500XMUC1,J),J»1,K14> 
500 FORMATC10F7.4) 
501 FORMATC1016) 
502 FORMATC1H0) 
GO TO 200 
15C VRITL*C6,160) . 
160 FORMATCT10,3HGJR) 
200 RETURN 
END 
SUBROUTINE DESCLCAUGXS,S,AVG,DSX) 
DIMENSI ON AUGXSCS,36),SC5),AVGC5),DSXC5,36> 
COMMON / Al/K,NM,KEY,KORDER 
INT E GER U 
DO 105 I»1,K 
DO 105 U-l/NM 
105 DSXCI,U )«AUGX5CI,U)*S<I)+AV3<I) 
RETURN 
END 
SUBROUT INE FUNVALCFX,VALUE) 
INTEGER U 
DIMENSION FXC5,36),C0NSTC5, 10) 
COMMON /Al /K,NM,KEY,NORDER 
COMMON /A2/BMAXC5),BMINC 5),BASEN< 5, 361 .NN, CELT AC S) 
COMMON/ A3/KN,NE,N 
AK»K 
ANM-NM 
DO 5 I«1#K 
DO 5 U-1,10 
5 CONSTCI,U>«0. 
VALUE=0. 
KN-KN+1 
DO 109 1=1,K 
SUM* 0. 
DO 10 U=1,NM 
10 SUM= SUM+FX<I,U) 
CONST CI,1)»SUM**2 
16 JJ«I*! 
IFCJJ.GT.K) GO TO 29 
DO 21 J=JJ,K 
SUM=0. 
DO 20 U=1,NM 
20 SUM=SUM* FXCI,U)*FX'J,U) 
CONSTC I,2)«=C0NSTCI,2)*SUM**2 
21 CONTI NUE 
29 SUM=0. 
DO 30 U»I,NM 
30 SUM=SUM +FXCI,U)**2 
CONSTCI,3)=<SUM-ANM/CAK+2.)>**2 
DO 42 J=i,K 
DO 42 L»J,K 
SUW-0. 
DO 40 U«1,NM 
40 SUM=SUM+FXCI,U)*FXCJ,U)*FXCL,U> 
CONSTC I,4)=C0NSTCI,4)*SUM**2 
-42 -CONT.I N UE 
IFCKORDER.EQ.4) GO TO 104 
DO 51 J»1,K 
IFCiI.EQ.l) GO TO 5S 
SUM<=0. 
DO 50 U»I,NM 
50 SUM=SUM*CFXCI,U)**3)*FX<J.»U> 
CONST CI,S)=C0NSTCI,i>>*<SUK>**2 
51 CONTINUE 
DO 62 J*l#K 
IFCJ.EQ.I> GO TO 62 
LL-J+1 
IF'tLL.GT.K) GO TO 69 
DO 61 L=LL,K 
IFCL.EQ.I) GO TO 61 
SUM»0. 
DO 60 U«1,NM 
60 SUM»S UM + CFXU,U)**2)*FX< J,U)*FXCL,U5 
CONSTC I,6)=C0NSTCI,6)fSUM**2 
61 CONTI NUE 
62 CONTINUE 
*9 JJ=I+1 
IFCJJ.GT.K) GO TO 79 
DO 71 J=»JJ,K 
LL»J*I 
T.FCLL.GT.K) GO TO 79 
DO 71 L«LL,K 
MM"L*1 
IFCMM.GT.K) GO TO 79 
DO 7 1 MK»MK,K 
SUM-G. 
DO 70 U«l,NM 
70 SUM-SUM t FX C I, U) *FX CJ, U) *FX< L, U) *¥~f. CHK, U> 
C0NST<I,7)«C0NSTCI,7)-*SUK«*2 
7! CONT INUE 
. 79 JJ- l + l 
IF (JJ.GT.K) GO TO 89 
DO 81 J*JJ,K 
SUM»0 . 
DO 80 U=1,NM 
80 SUM «SUM-KFX<I,U)**2>*<FX<J,U)**2> 
CONST < I,8)«C0NSTCl,8)-»-<SUM-ANM/< CAK-*2>*C AK+4) > >*»2 
81 CONTINUE 
89 SUM=0. 
DO 90 U«1,N« 
90 SUM»SUM+FX(I,U)*»4 
C0NST(I,9)=(SUM-<3.*ANM>/( (AK+2. >*< AK+4. >»**2 
DO 101 J»I,K 
DO 101 L»J,K 
DO 101 MK=L,K 
DO 101 IH*KK,K 
SUM=0. 
DC 100 U»1,NM 
100 SUM-SUM+FXC I,U)*FX<vJ,U>*FX<L,U>*FX<MK,U>*FX<IH*U> 
CONSTU, 10>»C0NST<I,10>+SUM**2 
101 CONTINUE 
104 DO 105 J»KEY,KOP.DER 
105 VALUE-VALUE+C0N5TU, J> 
109 CONTINUE 
300 RETURN 
END 
FUNCTION IFACT(KK) 
NUM»KK 
IFACT"1 
IF<NUM.E Q.O) GO TO 7 
8 IFACT*IFACT*NUM 
NUM'N UM-1 
lTHJB-H-1) 7,7,8 
7 RETUR N 
END 
SUBROUTINE SCALEA(D,XS, S, AVG) 
INTEG ER U 
DIM ENS ION D<5,36),XS<5,36>,S<5>,AVG(5>,SSQ<5> 
COMMO M/Al/X,NM,KEY,KORDER 
COMMON/A 4/ RC5,2> 
DO 15 I«1,K 
AVG(I)=0. 
15 SSQ(I)«0. 
DO 30 I»1,K 
DO 25 U«1,2 
25 AVG( I>=AVG<I)*R<I,U>/2 
DO 27 U«l,2 
27 SS9(I)=SS0(I>+<CR<I,U>-AVG(I)>**2>/2 
S<1)«SSC(I)**.5 
DO 29 U=1,NH 
29 XS<I,U)=<DCI,U)-AVG<I>)/SCI) 
30 CONTINUE 
RETURN 
END 
SUBROUTINE MINM1Z<X,DEL,FXBN> 
INTEGER U 
INTEGER AP 
DIMEMS ION X(5,36),DEL<5>,8ASE0<5,36> 
COMMON/A 1/ND,NM,KEY,KORDER 
COMMON/A2/EMAX(5),BM1NC5),BASEN(5,36),NN,ADELTA<5>*AP 
COMMO N/A 3/KN,NE,M,MM, DELTA<5) 
IN-1 
KM" I 
KN-0 
NE»0 
NBASE=0 
C NP=NUMBER OF DIMENSIONS 
C X-CURRENT VARIABLE VECTOR 
C BASENsCURRENT BASE POINT 
C BASEO=LA.:»T EASE POINT IN THE SEARCH 
c FX=FUNCT:ON VALUE AT X 
C FXEN = FUNCTIONAL VALUE AT CURRENT BASE POINT 
C FXBO=FUNCTl ONAL VALUE AT OLD BASE POINT 
200 DO 210 1=1,ND 
210 DELTA<I)=ADELTAC I ) 
1 DO 10 I»l,ND 
DO 10 U=NN,NM 
C ADD STERTING ROVS TO ). 
10 XU,U)=BASEN< I,U> 
IFUN.EQ .1) GO TO 40 
CALL FUNVALCX,rXSN> 
C STARTING FUuCTUON VALUE 
40 IN«IN+l 
FX « FXBN 
C EXPLORATORY MOVES 
NBASE=NBASE+I 
CALL EXPLMV<FX,X> 
IFCFX.GE. FXEN) GO TO 3 
C SET NEW BASE POINT 
2 DO 20 I = UN D 
DO 20 U=NN/»M 
BASEO<!,U)=BASEN<I*U> 
BASEN<I,U)=XC1,U) 
20 CONTINUE 
FXBN = FX 
C PATTERN MOVE 
DO 21 I « 1,ND 
DO 21 U=NN,NM 
XU*U>=BASENU,U)*2.-BASE0<I»U) 
21 CONTINUE 
CALL FUNVAL<X,FX> 
C EXPLORATORY MOVES. 
NBASE=NBASE*1 
CALL EXPLMV<FX,X) 
IFCFX.LT.FXBN) GO TO S 
C PATTERN MOVE MAS iAILED 
NBASE=NBASE-1 
GO TO 1 
3 CONTINUE 
C CHECKING OF THE CURRENT STEP SIZE 
C IF IT IS SMALL ENOUGH STOP 
C IF IT IS LARGE, REDUCE IT TO ONE HALF AND GO BACK 
DO 30 I«1,ND 
IFtDELTAC I >.GE. DtiLtDJ GO TO 3* 
30 CONTINUE 
GO TO 101 
31 DO 3S I»1,ND 
DELTAU ) » DELTA(I)*0»5 
35 CONTINUE 
GO TO 1 
101 RETURN 
*2»'D 
48 
SUBROUTINE XMTX<D.X..X2> 
INTEGER U 
DI MEN SI ON D<5,36),X<36,21>,X2C36,3S) 
COMM ON/ Al/K,NM,KEY,KORD£R 
COMMON /A5/K0,K>.,K2#K3,X4,K5,K1 1*K14*II*KS 
KKK»K 
KO-K+1 
K1«K*2 
K2»<2»K)*1 
K3»<2 »K)+2 
K4»K2*IFACTCKKK>/<2*1FACTCKKK-2)) 
K5=K*K4-K2 
KS»K*K 
DO 10 UaljNtt 
10 X<U,1)-1. 
DO 20 I»2,K0 
J - I - l 
DO 25 U=»UNM 
25 XCU, I >»DCJ#U> 
20 CONTIN UE 
1FCK0RU ER.EQ.4) GO TO 79 
J»l 
DO 30 I-K1.K2 
DO 35 U»1,NM 
35 X<U,I)=D<J,U)**2 
J=J*1 
30 CONTINUE 
IF(K.EO.l) GO TO 49 
J-l 
M»2 
DO 40 I«K3,K4 
DO 45 U«t,NM 
45 X(U,1)»D(J,U)*D(M»U) 
M»M+1 
IF(K.GT.K) GO TO 42 
GO TO 40 
42 J-J+l 
H=J*1 
40 CONTINUE 
49 M»l 
LK=<<K-1)*K)*1 
K6=K*1 
K7«K6*K 
KS=»K7*K 
K9»K8+K 
K10=K9+X 
DO 51 I»1*LK*K 
DO 50 U»1*NM 
50 X2(U,I)»D(M#U)**3 
M=M+1 
51 CONT 1MUE 
M-I 
«J«2 
63 li-"(J.EQ.K6) GG TO 64 
IF CJ.EQ.K7> 60 VO 64 
1FCJ.E0.XS) GO TO 64 
1F<J.EQ.K9) GO TO 64 
IFCJ.EQ.KIO> GO TO 64 
DO 61 LJ=1*K 
IF(LJ.EQ.M) GO VO 61 
DO 60 U- l>N!i 
60 X2CU,J )=D<M,U>*CD<LJ*U)J**2 
J=J + ! 
61 CONTINUE 
IFCJ.GT.KS> GO TO 69 
GO TO 63 
64 M»M*1 
J-J + I 
GOTO 63 
66 CONTINUE 
69 XK2«K 
KI2-KS+I 
K13=0 
IF<KK2-3) 72.71,71 
71 Kl3*IFACT<KK2)/(6*IFACT<KK2-3)> 
72 K14-XS+K13 
DO 70 L«Kl2,KI4 
DO 70 I«1,K 
JJ«I*1 
DO 70 «J-UJ,K 
MM»J*1 
DO 70 M»MM,K 
DO 70 U»1,NM 
70 X2<U,L)=D<I,U)*D(J,U>*D<M*U> 
GO TO 100 
79 K4=K0 
K14=KS 
DO 60 1*1,K 
DO 85 U»1#NM 
85 X2<U,I>=D(I,U>**2 
80 CONTINU E 
IFCK.EG.1> GO TO 100 
J=l 
M»2 
DO 90 I-K0*K5 
DO 95 U*1,NM 
95 X2(U,I)»D(J,U)#D«M,0> 
M-M + l 
IFCM.GT.JO GO VO 92 
GO TO 90 
92 J«J*1 
M-J+l 
90 COHTI NUE 
100 RETUR N 
END 
SUBROUTINE EXPLMV<FX,X> 
INTEGER U 
INTEGER AP 
DIMENSION X(5,36) 
COMMON/ AI /ND,NM, KEY, KORDER 
COMMO N/A 2/SMAXC5>,BMIM<5),BASEN{5,36),NN,ADELTA(S>« 
COMMON /" A3/KN,N£,M,MM,DEL?A<5) 
DO 201 U=NN,Nrl 
DO 201 1=1,ND 
XCI,U)»X(I,U>+DELTACI> 
IF<X<I,U>.GT.BMAX<I>) GO TO 180 
CALL FUNVAL<X,FXI? 
NE=KN 
IFCFXI-FX) 200,!80,180 
180 X<I,U)«X<I,U>-2.*DELTA(X) 
IF<XCI,U).LT.BMlNtIJJ XCI,U)=X<I,U)*DELTACI> 
CALL FUNVALCX,FXI > 
NE>KN 
IF<FXI-FX, 200,181,181 
181 X<I,U)=X<I,U)+DELTACI> 
IF(X«I,U).GT.BMAX(I>J X(I,U)»XCI,U)»D£LTACI> 
M£»KN-2 
GO TO 202 
200 FX - FX I 
202 CONTINUE 
201 CONTINUE 
RETURN 
END 
50 
APPENDIX C 
DATA SETS 
T a b l e s 2 t o 5 a r e t h e d a t a s e t s used i n t h i s i n v e s t i g a t i o n . Da ta 
2 
s e t A, i n T a b l e 2 i s a 2 f a c t o r i a l , and i s a p r o p e r l y d e s i g n e d f i r s t 
o r d e r e x p e r i m e n t . I t i s u sed t o s e e i f t h e p r o c e d u r e p r e s e n t e d b e h a v e s 
i n a p r e d i c t a b l e way f o r t h e f i r s t o r d e r m o d e l . The a d d i t i o n of c e n t e r 
p o i n t s t o t h i s d e s i g n s h o u l d r e d u c e b i a s . The r e g i o n of i n t e r e s t i s 
+ 1 .41 f o r e ach v a r i a b l e . 
Data s e t B, i n T a b l e 3 i s t a k e n from Gay lo r and M e r r i l l ( 8 ) , and 
i s a l s o u sed by D y k s t r a ( 6 ) . I t i s used i n b o t h f i r s t and second o r d e r 
model i n v e s t i g a t i o n s f o r b o t h two and t h r e e v a r i a b l e s . The r e g i o n of 
i n t e r e s t i s 
- 9 . 6 9 < x 2 < 8 .69 
- 9 . 9 0 < x 2 < 9 . 9 0 
- 8 . 5 2 < x 3 < 1 5 . 5 2 
Data s e t C, i n T a b l e 4 i s a c e n t r a l c o m p o s i t e d e s i g n w i t h one 
c e n t e r p o i n t and a = 2 . 0 . I t i s used f o r t h e second o r d e r model w i t h 
t h r e e v a r i a b l e s . The a d d i t i o n of c e n t e r p o i n t s s h o u l d r e d u c e b i a s . 
The r e g i o n of i n t e r e s t i s + 2 . 0 f o r each v a r i a b l e . 
Data s e t D, i n T a b l e 5 i s t a k e n from F i g u r e 1 , page 770 of Hebb le 
and M i t c h e l l ( 9 ) . The numbers may n o t a g r e e e x a c t l y w i t h t h e i r d a t a 
s i n c e t h e y a r e b e i n g e x t r a c t e d from an i l l u s t r a t i o n . The d e s i g n was 
i n t e n d e d t o be a c e n t r a l c o m p o s i t e d e s i g n w i t h two c e n t e r p o i n t s . I t 
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i s used w i t h t h e second o r d e r model w i t h two v a r i a b l e s . Two r e g i o n s 
of i n t e r e s t a r e u s e d , one of r a d i u s 1 .41 and t h e o t h e r of r a d i u s 1 . 70 . 
T a b l e 2 . Da ta Se t A 
- 1 . 1 . 
- 1 . - 1 . 
1 . 1 . 
1 . - 1 . 
T a b l e 3 . Da ta S e t B 
h 
- 6 . 3 8 9 - 5 . 3 3 0 6 .0437 
- 6 . 1 7 9 - 5 . 5 4 9 9 .0437 
- 4 . 5 3 3 - 5 . 7 1 7 7 .6283 
- 5 . 2 9 3 - 6 . 4 9 2 7 .8131 
- 4 . 0 0 4 - 6 . 4 6 4 3 .0976 
- 2 . 6 3 1 - 5 . 3 2 0 5 .4978 
- 3 . 0 1 2 - 4 . 0 8 0 1 .0688 
- 2 . 8 6 4 - 4 . 5 8 3 4 .5822 
- 0 . 9 7 9 - 2 . 8 8 7 1 .0250 
- 0 . 4 2 0 - 4 . 0 9 4 2 .2669 
- 1 . 5 9 3 - 3 . 9 5 7 0 .1869 
1 .338 - 2 . 6 1 3 - 0 . 3 1 3 6 
- 0 . 7 8 7 - 2 . 4 8 7 - 2 . 7 0 3 2 
- 1 . 6 4 9 - 1 . 0 7 7 - 2 . 1 9 1 7 
2 . 0 7 5 1.719 - 2 . 2 9 1 7 
2 .224 0 . 9 4 6 - 2 . 8 5 1 6 
2 . 3 8 3 3 .879 - 4 . 2 3 3 5 
3 .350 3 .510 - 4 . 8 0 3 3 
5 .984 6 .449 - 2 . 1 2 0 6 
3 .384 6 . 3 8 3 - 2 . 5 3 5 4 
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T a b l e 4 . Data S e t C. 
h 
- 1 . - 1 . - 1 . 
- 1 . - 1 . 1 . 
- 1 . 1 . - 1 . 
- 1 . 1 . 1 . 
1 . - 1 . - 1 . 
1 . - 1 . 1 . 
1 . 1 . - 1 . 
1 . 1 . 1 . 
0 . 0 . 0 . 
- 2 . 0 . 0 . 
2 . 0 . 0 . 
0 . - 2 . 0 . 
0 . 2 . 0 . 
0 . 0 . - 2 . 
0 . 0 . 2 . 
T a b l e 5 . Da ta Se t D 
h 
1.0 1.0 
0 . 0 1.5 
0 . 0 0 . 0 
1.0 - 1 . 3 
1.5 0 . 0 
- 1 . 4 0 . 0 
- 1 . 0 1.3 
0 . 0 - 1 . 0 
- 1 . 5 - 0 . 8 
0 . 5 0 . 3 
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APPENDIX D 
RESULTS 
T a b l e s 6 t h r o u g h 37 c o n t a i n t h e r e s u l t s of t h i s i n v e s t i g a t i o n . 
For each u n d e s i g n e d e x p e r i m e n t t h e v a l u e of u n c o n t r o l l a b l e b i a s , c o n ­
t r o l l a b l e b i a s , a v e r a g e b i a s , v a r i a n c e t o b i a s r a t i o n , and a v e r a g e 
s q u a r e d e r r o r , J , a r e c a l c u l a t e d f o r f i v e v a l u e s of &2^°' v a l u e ° f 
62/0" used i s r e f e r r e d t o a s B/S i n t h e t a b l e s . The p e r c e n t r e d u c t i o n 
of c o n t r o l l a b l e b i a s , R I , p e r c e n t r e d u c t i o n of a v e r a g e b i a s , R2, and 
v a r i a n c e do n o t depend on ft^0* 
The l a s t o u t p u t f o r e a c h d e s i g n i s a summary t a b l e g i v i n g t h e 
v a l u e of t h e f u n c t i o n F ( x ) , t h e r a t i o of | ( x ' x ) | of t h e augmented d e s i g n 
t o t h e I (X'X)I of t h e o r i g i n a l d e s i g n , R I , R2, and t h e a d d i t i o n a l r u n s 
s e l e c t e d . 
T a b l e 6 . Data S e t A, F i r s t O r d e r , m = 1 
VALUE OF UNCCNTRoLlABLfc PORTION OF BIAS 
RUN R/S=0.5 1.0 2 . 5 5.0 10,0 
* . 1 . 5 3 .1 12 .5 50 .0 
5 . 2 • 6 3 .9 15.6 6 2 , 5 
6 .2 .7 «*.7 18.7 75 ,0 
7 . 2 . 9 5 .5 21 .9 8 7 , 5 
a . 3 1.0 6.2 25.0 100,0 
VALUE ANO PERCENT REDUCTION OF CONTROLLABLE PORTION OF B I A S 
RUN B/S=0.5 1.0 2 .5 5.0 10,0 RI 
4 . 3 1.0 25 .6 102,tf .0 
5 .0 • 1 .6 2*6 10 .3 89 ,9 
6 • 0 • 0 .1 • 4 1.7 98 ,4 
7 • 1 • 2 1.3 5 .1 2 0 . 6 79 ,9 
a . 1 . 5 3 .1 12*4 4 9 , «. 5 1 , 8 
VALUE ANO PERCENT REDUCTION OF 3IAS 
RUN B/S=0.5 1.0 2 ,5 5.0 10 .0 R2 
u ,4 1.5 9 .5 36 .1 152,1* .0 
5 . 2 .7 4 .6 18.2 7 2 , 8 52 .2 
6 .2 • a 4 .8 19.2 7 6 , 7 49 ,7 
7 . 3 l . i 6 .8 27 .0 108 ,1 2 9 . 1 
a .4 1.5 9 .3 37 .4 149, H 2.0 
VARIANCE TO BIAS RATIO, VALUE OF VARIANCE 
RUN B/S-0 .5 • 1.0 2 .5 5,0 10 .0 VARIANCE 
4 5 .2 1.3 .2 • 1 • 0 2 .0 m
 9 . 9 2 . 5 . 1 , 0 1.8 
•6 a . 7 2 .2 . 3 • 1 • 0 1.7 
7 5 .8 1.4 .2 • 1 .0 1.6 
6 4 .0 1.0. .2 • 0 • 0 1.5 
VALUE OF J 
RUN B/S=0.5 1*0 2.5 5.0 10 ,0 
4 2 .4 3.5 U . 5 40 .1 154,4 
5 2 .0 2 .5 6 .3 20.0 7 4 . 6 
6 1.9 2.4 6 .5 20 .8 7 6 . 3 
7 1.8 2 .6 8.3 109 .7 
8 1.9 3 . ri 10.0 3a .9 150 ,9 
T a b l e 7. Da ta S e t A, F i r s t O r d e r , m = 2 
VALUE.OF UNCONTROLLABLE. PORTION OF 8IAS 
RUM B/S=0.5 1*0 2 . 5 5.0 10 .0 
4 . 1 . 5 3 .1 12.5 50 ,0 
6 . 2 . 7 4 . 7 18.7 7 5 , 0 
a . 3 1.0 6 .2 25.0 100,0 
VALl'E AND PERCENT REDUCTION OF CONTROLLABLE PORTION OF BIAS 
RUN B/S=0.5 1.0 2 . 5 5,0 10 ,0 RI 
4 • 3 1.0 6 .4 25 .6 102 .4 .0 
6 .0 • 0 . 1 .4 1 7 98 ,4 
8 • 1 .5 3 .1 12.4 49,<* 51.S 
VALUE AND PERCENT REDUCTION OF BIAS 
RUN B/S=0.5 1.0 2 . 5 5.0 10 ,0 R2 
4 .4 1,5 9 .5 30 .1 152, i* .0 
6 .2 , 8 4 . 8 19.2 7 6 , 7 49 ,7 
3 . 4 1.5 9 . 3 37 .4 149 .4 2 .0 
VARIANCE TO BIAS RATIO . VALUE OF VARIANCE 
RUN B/S=0,5 . 1.0 2 .5 5.0 10 .0 VARIANCE 
4 5.2 1.3 . 2 . 1 . 0 2 .0 
6 8.7 2 .2 . 3 • 1 . 0 1.7 
8 u .o 1.0 . 2 • 0 . 0 1.5 
VALUE OF J 
RUN D/S=0.5 1.0 2 . 5 5.0 10 ,0 
4 3.5 11.5 40*1 154 ,4 
6 1.9 2*4 6 .5 20 .8 7 3 . 3 
6 1.9 3.0 10.8 3Q.8 150 .9 
T a b l e 8 . Summary, Data S e t A, m = 1 
RUN FUNCTION X'X Ri R2 XI X2 
4 2 .0 1.000+00 
5 1.2 1.250+00 89 , g S>2,2 ,000 •ooo 
6 . 5 1.500+00 9 8 # l + ^ 9 , 7 ,000 .000 
7 , 1 1.750+00 79 ,9 29 .1 - . 0 0 1 - . 0 0 1 
8 .0 2,000+00 51 ,8 2 .0 ,000 • ooo 
T a b l e 9 . Summary, Da ta S e t A, m = 2 
RUN FUNCTION X»X R I R2 X I X2 
4 2 .0 l .ooo+oo 
,000 ,000-
6 , 5 1,500+00 98 # ( . 4 9 , 7 ,000 ,000 
- , 0 0 2 - , 0 0 2 
8 .0 2.000+00 51 ,8 2 .0 .001 .001 
T a b l e 1 0 . Da ta S e t B , F i r s t O r d e r , m = 1 
V»LUE OP UNCONTanU.»HLt PoRTJO-. OF 31 AS 
PIT- */3=0.5 1.3 2.5 5.0 ' 10.0 
"lo .6 2.5 15. A 6?.5 250.0 
21 .7 2.6 16.4 6«>.6 262.5 22 .7 2.7 1?.2 64.7 275.0 2* .7 2.9 18.0 71.9 237.5 2« .7 3.0 1A.7 75.0 200.0 25 .8 3.1 19.5 7fl. 1 312.5 2* .a 3.2 20.3 ei.2 225.0 27 .a 3.4 21.1 64.4 227.5 
2« .9 3.5 21.9 97.5 350,0 
2» .9 ^.f> 22.7 9o.6 3£>2.5 30 .9 3.8 23.4 93.7 275.0 
VALUE *ND PERCENT REOUCTIfjH OF CONTROLLABLE PORTION OF BIAS 
RUN B/S=0.5 1.0 2.5 5.0 10.0 RI 
20 4.5 18.0 H2.2 4*9.0 1795.9 " .0 
21 .4 1.5 9.2 36.8 147.4 91.8 22 .0 .2 1.1 4.4 17.6 99.0 23 .0 .1 .5 2.1 8.3 99.5 2* .0 .1 .7 2.7 10.8 99.4 25 .0 .1 .7 2.9 11.8 99.3 26 .0 .2 1.0 4.0 16.1 99.1 27 .1 .2 1.5 S.9 23.5 98.7 28 .1 .4 2.2 A.9 35.5 98.0 2» .1 .5 3.3 13.1 52.2 97.1 SO .2 .7 4.2 16.7 67.e 96.3 
VALUt AND PERCrNT REDUCTION OF PI*S 
10.0 R2 
2C.5.9 ,0 
«.09.9 60.0 
292.6 85.7 295.8 85.5 310. a 84.8 22'*.3 84.2 •S«»l,l 83.3 31,1.0 82.4 235.5 81.2 »'.<•.7 79.7 U*.2,0 7«.4 
VARIANCE TO BIAS RATIO, VÂUE OF VARIANCE 
RUN e/s=o.s 1.0 2.5 5.0 - — — • — 
2© 5.1 20.5 127.9 5H.5 
21 1.0 4.1 25.6 102.5 
22 .7 £.9 18.3 73.2 23 .7 3.0 13.5 73.9 2* .6 3.1 19.4 77.7 25 .8 3.2 20.3 31.1 2* .9 •3.4. 21.3 •05.3 27 .9 3.6 22.6 90.2 28 1.0 3.9 2».l 96.4 89 1.0 4.1 25.9 103.7 30 1.1 4.4 27.6 110-S 
R*W B/S=0.5 
20 4.1 21 4.2 22 4.6 23 3.9 2* 3.5 2* 3,1 2$ 2.7 27 2.S 28 2.2 2' 2.1 30 1.8 
1.0 2.5 5.0 iC.O VA*:A*CE ——~ _ ———— 
1.0 .2 .0 .0 21.0 
1.1 ,2 .0 .0 4.3 1.2 .2 • 0 .0 3.4 1.0 ,2 • 0 .0 2.9 
.9 .1 • 0 .0 2.7 .« .1 .0 .0 2.5 .7 .1 .0 .0 2.3 .6 *l . o .0 2.2 .1 .1 .0 .0 2.2 .5 .1 .0 .0 2.1 
.5 .1 .0 .0 2.0 
VALUE cf J 
FU-* S/SiO.5 LP 2.5 5,0 10,0 
23 26.1 ei.o I'-e.s 206».« 
21 5.3 8.«. T9 o ie,.* 22 4.1 6.3 21.7 7i.S ?c".0 23 3.6 5.8 21.9 ?.«..* 29J.6 21* 3.5 S.fl • r2.? fi.'i 25 3.2 5.7 T2.7 <»5.5 2*> 3.1 S.7 PT.PV 27 3.1 5. A « 23 i.X r.,0 * 6•. 3 ~ls.*> 2<J 3.2 6.3 10'...* ** » " « ** • *o J.l 6.5 ?«»*7 li?.5 
T a b l e 1 1 . D a t a S e t B, F i r s t O r d e r , m = 2 
VALUE OF UNC0NTR0LLA5LE PORTION OF BIAS 
RUN B/S=0.5 1.0 2 .5 5.0 10.0 
20 . 6 2 . 5 15 .6 62 .5 250,0 
22 . 7 2 .7 17.2 68 .7 275,0 
2«t . 7 3.0 18.7 75 .0 300.0 
26 • 8 3.2 20 .3 81 .2 325,0 
2.8 . 9 3 .5 21 .9 87 .5 350,0 
30 . 9 3 ,8 23 .4 93 .7 375,0 
VALUE AND PERCENT REDUCTIQN OF CONTROLLABLE PORTION OF BIAS 
RUN B/S=0.5 1.0 2 . 5 5.0 10,0 RI 
20 4 . 5 18.0 H 2 . 2 449.0 1795,9 • 0 
22 • 0 • 2 4 . 1 16 ,5 9 9 . 1 
2 4 • 0 .2 1.0 3«8 15 ,2 99 .2 
26 • 0 • 2 1.1 4 . 3 17 .2 99 ,0 
28 • 1 • 3 ? .o 8.0 32 ,0 98 .2 
30 .2 .6 3 .8 15 .3 6 1 , 1 96 .6 
VALUE AND'PERCENT REDUCTION OF BIAS 
1.0 2 .5 5.0 10 ,0 R2 
20 .5 
2 .9 
3 ,2 
3.4 
3.8" 
4 .4 
127.9 
18.2 
19.7 
2 1 . 4 
23.9 
27 .3 
511.5 
72 .9 
78 .8 
85 .5 
95 .5 
109.0 
2 0 4 5 e 9 
291 ,5 
315 ,2 
342 ,2 
382,0 
4 3 6 , 1 
.0 
8 5 . 8 
8 4 , 6 
8 3 , 3 
8 1 , 3 
78 .7 
RUN B/S=0.5 
20 5 .1 
22 .7 
24 . 8 
26 , 9 
28" 1.0 
30 1.1 
VARIANCE TO BIAS RATIO, VALUE OF VARIANCE 
RUN B/S=0.5 1.0 2 .5 5.0 10 .0 VARIANCE 
20 4 . 1 1.0 .2 • 0 .0 . 21 .0 
22 4 .0 1.0 .2 .0 - . 0 2 . 9 
24 3 .3 • 8 . 1 • 0 . 0 2 .6 
26 2 .7 . 7 . 1 • 0 . 0 2 , 3 
28 2 .2 • 5 .1 • 0 .0 2 . 1 
30 1.8 . 4 . 1 .0 .0 2 .0 
VALUE OF J 
RUN B/5=0.5 1.0 2 .5 5.0 10.0 
20 T6.1 41 .4 1UB 53? .4 2066.'9 
22 3.6 5.6 21.1 75.fi 29* , / . 
24 3.4 5 .3 22.3 S\,4 3 i 7 o 3 
26 3 .2 5.3 23.7 87,9 3U4.5 
26 3.0 5.9 26, 0 97 .6 3B-'*.0 
30 3 ,1 6 .3 29 j 2 111-0 433.0 
T a b l e 1 2 . Summary, Da ta S e t B , F i r s t O r d e r , , m = 1 
RUN FUNCTION x»x Rl R2 XI X2 
20 31 .5 1.000+00 
21 21 .6 8.217+00 9 l . e 80 ,0 - 7 . 5 4 1 10.908 
22 16.0 1.393+01 9 9 . 0 65 ,7 9 .977 -2 .310 
23 13.0 1.961+01 99 ,5 85 .5 -6 .7C1 7.017 
24 10.6 2.301+01 99.j . 84 .8 4 ,542 6.089 
25 1C..1 2.975+01 9 9 . 3 84 .2 6 .495 -6 .850 
25 7.9 3.641+01 99 .1 8 3 . 3 - 7 . 4 3 4 5.045 
27 6 .3 4.003+01 9 8 , 7 82.4 2,374 5.091 
26 5.5 4.274+01 9 8 . 0 81.2 1.340 3,908 
29 5.1 4.500+01 97 .1 79 .7 .414 3.166 
30 4 .9 5.064+01 9 6 0 78.1* - 6 . 9 1 7 2.454 
T a b l e 1 3 . Summary, D a t a S e t B, F i r s t O r d e r , m = 2 
RUN FUNCTION X'X Rl R2 XI X2 
20 31.5_. L..0 00+00. 
- 1 0 . 4 9 2 10,861 
22 15,0 1,913+01 99 , j 8 5 , 8 10,975 - 5 .806 
1.814 6,692 
24 8 ,7 2.599+01 99 ,2 ** .6 1.807 6.692 
- 6 , 8 8 8 4,480 
26 6 .1 3.466+01 99,o 8 3 . 3 4 .169 3 .831 
6 ,409 - 7 , 3 2 2 
28 4 . 5 4,770+01 98 ,2 S I . 3 " 4 . 1 8 1 4,790 
2 .934 3 .661 
30 2 , 8 5.622+01 96 ,6 78 .7 -5*395 3,196 
60 
T a b l e 1 4 . Data S e t B , F i r s t O r d e r , m = 1 , 3 V a r i a b l e s 
V'L'i* OF l/»CO')Tflr.t.>.»'>t.*- PORTIO'I OF 9t»S 
RUN «/Ss0.5 l.c 2.S 5.3 10.0 _ ~—- ———~ ~ - —_ - —— 
20 .8 J.I • 39.3 77.1 303.6 
21 • A 3.2 20.2 ei.o 32'*.0 22 .« 3.4 .21,2 339.4 23 .9 3.5 22.2 8f|.7 35s*. 9 2» .9 3.7 23.1 9?. 6 370.3 335.7 2* 1.0 3.9 24.1 96.4 2* 1.0 4.0 25.1 ion.3 401.1 27 1.0 4.2 26.0 lCit.l 416.6 
2» l.: 4.3 27.0 103.0 432.0 2« i.i «».5 28.0 111.9 447,» 50 1.2 4.6 28.9 115.7 462.9 
VALUE AN3 PERCENT REOUCTIQN OF CONTROLLABLE PORTION OF BIAS 
B/SrO.S 1.0 2.5 5.0 10.0 
20 .9 3.6 22̂ 7 90.8 363.4 .0 
n 3.3 13.3 82.9 331.4 1325.7 -264.a 
22 3.0 12.0 74*fl 299.2 1196.9 -229.4 23 2.0 6.2 51.2 205.0 819.9 -125.6 2» 1.5 6.1 38.1 152.5 610.2 -67.9 25 1.3 5.2 32.2 129.8 515.2 -41.8 2* 1.2 4.9 30.8 123.3 493.2 -35.7 27 1.1 4.3 27.2 log.7 -19.6 28 1.0 4.2 26.0 103.8 415.3 -14.3 29 .9 3.4 21.3 65.1 340.4 6.3 
30 .8 3.1 29̂ 6 7a.4 313.6 13.7 
VALUE AN9 PERCENT REDUCTION OF BIAS 
SIM B/5S0.5 1.0 2.5 5.0 13.0 R2 
*20~ IT? 6.7 42.0 163.0 672.0 .0 
21 4.1 16.5 1C3.1 412.1. 16K9.7 -145.5 22 3.8 15.'i 96.0 334.1 1536.3 -128.6 23 2.9 11.7 . 73.4 293.7 1174,8 -74.8 
S4 2.5 9.8 61.3 2<i5.JL 930.5 -a5.9 j 5 -.2.3 56.3 22 S."2 900.9 -3=».l 26 2.2 8.9 55.9 223.6 89 + .3 -33.1 27 2.1 8.5 53.2 212.8 851.3 -26.7 28 2.1 6.5 53.0 211.8 6.7.3 -26.1 29 2.0 7.9 *»9.2 197.0 7a7.8 -17.2 30 1.9 7.8 48.5 1914.1 776,5 -15.6 
VARIANCE TO BIAS RATIO. VALL'E Or VARIANCE 
RUN B/SS0.5 
20 16.9 
21 4.9 22 2.3 23 1.5 
2* 1.7 25 1.6 2* 1.5 
27 1.5 
29 1.4 29 1.* 30 1.4 
_ " "——•—- - — 
Rw'N S/S=C.5 
h 30.2 
21 24.1 22 12.5 Si 7.2 
z* 6.6 ;5 S.9 
2» 5.5 2' 5.3 ri «*,1 ;4 .4.? ?J 4.4 
1.0 
4.2 1.2 .6 .4 • 4 .4 .4 .4 .3 .3 .3 
1.0 
25.2 26,5 2».n 16.0 13.o 12.7 12.2 11.7 1» 
10.6 10. » 
5.0 
VtLl'E Cp 
5.0 
10.0 
.0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
11.0 
70.* 123.! 1C4.7 77.7 65.4 r>0 ? 5<0 
^ 4 
*>» n 
5l!2 
4 3r.<» 
39?.A 
2i*i.O 
2i»c. 2 
> I u . *» 
S"n,T l"r.. A 
753.t 
ief-=?,7 
117̂ .1 
e ' - .5 
*° ? . (• 
VARIANCE 
28.5 20.0 6.7 4.3 9.1 3.6 3.2 3.2 2.9 2.7 2.7 
T a b l e 1 5 . Da ta Se t B, F i r s t O r d e r , m = 2 , 3 V a r i a b l e s 
VALUE OF 0'«COMTR0LLA3Lt PORTION OF BIAS 
RUN B/S=0.5 1.0 2 .5 5,0 10,0 
20 . 8 3 .1 19 .3 77 .1 308,6 
22 . 8 3 .4 21.2 64 .9 339,4 
2* . 9 3 ,7 23 .1 92 .6 370 ,3 
26 1.0 4 .0 25 .1 100.3 401 .1 
23 1.1 4 . 3 27.0 108.0 432,0 
30 1.2 4 . 6 28 ,9 115.7 462 ,9 
VALUE ANO PERCENT REDUCTION OF CONTROLLABLE PORTlOri OF BIAS 
RUN 8/S=0.5 1.0 2 . 5 5.0 10,0 RI 
20 .9 3 .6 22 .7 90 .8 363,4 .0 
22 2 .2 8 ,6 53 .8 215.1 860 ,4 - 1 3 6 , 8 
2«» 1.5 5 .8 36 .4 145.4 581 ,6 - 6 0 , 1 
26 . 9 3 .6 22 .3 69.0 356 ,1 2 ,0 
2 3 .7 2 . 7 17.1 68 .4 273 ,5 24 ,7 
30 .7 2 .7 17.0 68 .2 272 ,a 24 ,9 
VALUE AND PERCENT REDUCTION OF BIAS 
RUN B/S=0.5 1.0 2 .5 5,0 10 .0 R2 
2 0 1.7 6 .7 42.0 168.0 672 ,0 .0 
22 3.0 12.0 75.0 300.0 1199,8 - 7 8 , 6 
24 2 .4 9 .5 59 .5 238.0 951 .9 - 4 1 , 7 
26 1.9 7 , 6 47 ,3 18Q. 3 7 5 7 , 3 - 1 2 , 7 
28 1.8 7 .1 44 .1 176.4 705 ,5 - 5 , 0 
30 1.8 7 .4 46.0 183.9 735 ,7 - 9 , 5 
VARIANCE TO BIAS RATIO . VALUE OF VARIANCE 
RUN B/S=0.5 1.0 2 . 5 5.0 10 .0 VARIANCE 
20 16.9 4 . 2 . 7 .2 • 0 28 ,5 
22 1.7 • 4 . 1 • 0 . 0 5 ,1 
2«* 1.6 . 4 . 1 • 0 . 0 3 ,9 
26 1.6 . 4 . 1 • 0 • 0 3 , 1 
28 1.7 ,4 . 1 • 0 • 0 2 , 9 
3 0 ' 1.4 • 4 . 1 .0 • 0 2 , 6 
VALUE OF J -
RUN B/S=0.5 1.0 2 . 5 5.0 10 ,0 
20 30 .2 35 .2 70 .5 196.5 700 ,4 
22 8.1 17.1 80 .1 305.1 1205,0 
24 6 .3 13.4 63 .4 241 ,9 9 5 3 . 8 
2.6 5.0 10.7 5n.<i 192,4 760 .4 
28 4 .7 10.0 47 0 17ci t3 703 .4 
30 4 .4 10.0 46.6 196.5 7 3 3 , 3 
T a b l e 1 6 . Summary, Da ta S e t B , F i r s t O r d e r , m = 1 , 3 V a r i a b l e s 
RUN FUNCTION x*x Rl R2 ,;i *2 X3 
20 51 .1 1.000+00 
21 35 .7 6,089+00 -2&4.B - 1 * 5 , 5 2.532 8.3O6 16.5096 
22 30.4 2,337+01 -229 .u - 128 ,6 7.172 . 5 ^ 7 . 11,7875 
23 22 .9 8.163+01 -125 .6 - 7 4 , a - 8 . 1 5 5 8 . 5 5 6 6.2400 
21 20 .3 9,589+01 - 6 7 , g - 4 5 , 9 1.315 3 , U 7 5 9.5854 
25 18.6 1,308+02 - 4 1 . 8 - 3 4 t l 6.229 -1 ,980 8.1275 
26 16.0 1.773+02 - 3 5 . 7 - 3 3 , 1 -6 .260 5,^42 3.4&04 
27 14.7 1,941+02 - 1 9 , 6 - 2 6 , 7 - . 6 7 2 3,?49 7.6721 
28 13.9 2.429+02 - 1 4 , 3 - 2 6 , 1 6 .061 - 4 , 2 6 4 5.7799 
29 12,0 3,162+02 6 .3 - 1 7 , 2 - 7 . 2 2 5 3.u27 -4 .4324 
30 10.7 3,452+02 13,7 - 1 5 . 6 - . 5 0 3 2.814 8.5830 
T a b l e 1 7 . Summary, Data S e t B, F i r s t O r d e r , m « 2 , 3 V a r i a b l e s 
RUN FUNCTION X'X Rl R2 XI *2 X3 
20 51 .1 1.000+00 
- 7 8 . 6 
- 5 . 8 9 5 9,988 11*5715 
22 26 .5 5,065+01 -136 ,8 7 .317 2 ,448 15.6330 
* 5 ,109 1.445 10.7240 
24 19,9 1.060+02 - 6 0 , i - 4 1 , 7 - 5 . 2 6 5 6.&13 6.4043 
6.190 - 2 , ? 7 6 8 .8717 
26 16.3 2.057+02 2 .0 - 1 2 , 7 - 8 . 0 8 7 4 ,751 -2 .4510 
,486 3,?70 8.0618 
28 12 .8 2.506+02 24 .7 - 5 , 0 ,486 3 . 2 7 4 8,0594 
6 ,769 - 7 , 7 8 8 ,469L 
30 1C.1 3.732+02 24 .9 " 9 , 5 - 2 . 3 2 2 4.T&4 7.3622 
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T a b l e 1 8 . Da ta S e t B, Second O r d e r , m = 1 
V»L>j£ 0* U'JCO'<Tf>-.LL*̂L*- POfliiM C*" d»S 
htyl fl/Sr0.5 1.0 2.S >.0 13.0 
20 .1 .6 3.5 13.9 53.& 
21 .1 .6 3.6 lit.6 5J.3 22 .2 .6 3.* 15.3 61.1 23 .2 ,6 4.1) 16.0 63.9 2» .2 .7 4,2 16.7 66.7 2* .2 .7 1.3 17. * 69,t» 2* .2 .7 4.5 l«.t 72.2 27 .2 .A 4.7 lfl.C 75.0 2* ,2 .8 4.9 19.4 77.8 
29 .2 ,8 5.9 20.1 80.6 30 .2 .8 5.2 20.8 83.3 
VALUE *«3 PERCENT RE3UCTI-* OF CONTROLLABLE PORTION OF BIAS 
RUN B/S=0.5 
20 2.5 
21 .6 22 .6 2* .5 
2* .5 2» .1 2« .2 27 .2 2* .2 2« .3 30 .3 
1.0 2.5 5.0 10.0 Rl _—— ———— 
9.9 61.9 247.4 9S9.7 .0 
2.5 15.3 61.3 245.2 75.2 2.2 13.8 55.1 220.5 77.7 2.1 12.9 51.6 205.5 79.1 
2.1 13.2 52.9 211.4 78.6 .6 3.5 13.8 55.3 94.4 .6 3.8 15.0 63.2 93.9 .7 4.7 18.6 7».5 92.5 .9 5.8 23.1 92.4 90.7 1.1 6.6 U.3 105.2 89.4 
1.2 7.6 3Q.3 121.3 87.7 
VALUE ANO PERCENT RE°UCTl3N OF PIA5 
RUM 1.0 2.5 s.o 10,0 — 
20 2.6 10.5 65.3 26i.3 1045.3 
21 .6 3.0 19.0 75.9 303.5 22 .7 2.8 17.6 7QC4 231.6 23 .7 2.7 16.9 67.6 270,3 2» .7 2.8 17.4 69.5 273,1 
2» .3 1.2 7.8 31.2 12=*.7 132.tt 26 .3 1.3 8.3 33,1 27 .4 1.5 9.3 37.4 149.5 2« .4 1.7 10.6 «»2.S 170.2 29 .5 1.9 11.6 46.4 185.8 
30 .5 2.0 12.8 51.1 20*.6 
R2 
.0 71.0 73.1 74.1 73.4 88.1 *87.3 85.7 83.7 82.2 80.4 
VARIANCE TO BIAS R«TI0, VALUE OF VARIANCE 
RUN B/S=0.S 1.0 2.5 5,0 10,0 VARIANCE 
"20" 186.9 46.7 7.5 1.9 .5 438.4 
21 61.4 15.4 2.5 • 6 .2 46.6 22 P5.4 6.3 1." .3 .1 17.8 23 22.8 S.7 .9 .2 .1 15.4 2* 21.9 5.5 [9 • 2 .1 13.2 2$ 23.3 5.8 ,9 .2 .1 7.3 26 16.2 4.0 .6 .2 .0 5.3 27 14.0 3.5 • .6 .1 .0 5.2 26 12.0 3.0 .5 .1 .0 5.1 29 10.4 2.6 .4 .1 .0 4.8 30 9.2 2.3 .4 .1 .0 4.7 
VfLl'E Of J 
8/5=0,5 1.0 2.5 5.0 13.0 
2-" 491.0 55'2. •» 7<.a.7 1535.7 
21 <>7,4 49.6 65 'b 12?.5 .?5.-.l 22 14,6 20.7 *5.-» Pa.? ?C-1,.4 23 16.1 l«,l S2.3 83.0 rf*!.7 24 J5.9 lfl.O 32.6 Pu.fi 29J.3 25 7.6 8.5 15.1 3?.5 132.ft ;6 5,7 6.7 IS,*. 3r.» !3\7 27 5.6 6.7 1ft.*. <*?.b 15*, 7 2« 3,5 is, A 13.4 '7 ? 175.3 
'5,3 Si."* 30 5.2 *i»8 17.5 5f,9 ?0»,3 
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T a b l e 1 9 . Da ta S e t B, Second O r d e r , vn = 2 
VALUE OP. U?JCONTR0LLABLE. PORTION OF BIAS 
RUN B/S=0.5 1.0 2 . 5 5.0 10.0 
20 , 1 . 6 3 .5 13,9 55 ,6 
22 , 2 . 6 3 .8 15 .3 6 1 , 1 
24 , 2 .7 4 ,2 16.7 66 ,7 
2& .2 . 7 4 ,5 18 .1 72 ,2 
26 , 2 , 8 4 ,9 19.4 7 7 , 8 
30 , 2 .6 5.2 20 .8 8 3 , 3 
VALUE AND PERCENT REDUCTIQN OF CONTROLLABLE PORTION OF BIAS 
RUN B/S=0.5 1.0 2 .5 5,0 10,0 Rl 
9 .9 
2 . 1 
2 . 1 
.6 
.8 
1.1 
61 .9 
12.9 
13.0 
3.6 
5.0 
7.0 
247.4 
51 .7 
51 .8 
14.4 
20 .1 
27 .9 
939,7 
206 ,7 
207,4 
57 .5 
80 ,4 
1 U , 8 
• 0 
79 .1 
79 ,0 
94 ,2 
91 .9 
88 ,7 
20 2 . 5 
22 . 5 
24 . 5 
26 , 1 
28 ,2 
30 , 3 
VALUE AND PERCENT REDUCTION OF BIAS 
RUN B/S=0.5 1.0 2 .5 5,0 10,0 R2 
20 2 . 6 10 .5 65 .3 261 .3 104S,3 ,0 
22 .7 2 .7 16.7 66 .9 267 ,3 74 ,4 
24 . 7 2 . 7 17.1 6 8 . 5 274,0 73 ,8 
26 . 3 1.3 8 .1 32 .4 129,7 87 ,6 
28 .4 1.6 9 .9 3 9 . 5 158 , i 84 ,9 
30 . 5 2 .0 12.2 48 .8 195,1 8 1 . 3 
VARIANCE TO BIAS RATIO, VALUE OF VARIANCE 
RUN B/S=0.5 1.0 2 .5 5,0 10,0 VARIANCE 
20 136.9 46 .7 7 .5 1.9 • 5 483,4 
22 25 .8 6 .4 1.0 . 3 • 1 17 .3 
24 22.0 5 .5 .9 • 2 . 1 15.0 
26 21.0 5 .3 . 8 • 2 . 1 6 .8 
28 13.0 3 . 3 . 5 • 1 • 0 5 ,1 
30 10.0 2 . 5 .4 . 1 • o 4 . 9 
V,«LUE 0 F J . 
RUN B/S=0.5 1.0 2 .5 5,0 10,0 
20 4°1 .0 498 .9 553. 8 749.7 1533,7 
22 17,9 19,9 34.0 Cu.2 2S5,Q 
2 4 15.7 17.8 32 ? e^ .6 2 o ' M 
26 7 .1 8.1 14 0 9 39.2 136 ,5 
28 5 .5 6 .7 S.5.0 44 ,7 163 ,3 
30 5.4 o. G 17.1 5 ' * 7 200,0 
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T a b l e 2 0 . Summary, D a t a S e t B, Second O r d e r , m = 1 
RUN FUNCTION X'X ftl R2 XI X2 
20 37 .6 1.000+00 
21 26 .5 5.003+02 75 ,2 
77 .7 
7 l , o - 7 , 7 7 1 9,345 
22 19,9 1.085+04 73 ,1 8,950 -2 ,040 
23 16,4 1.900+04 7 9 , i 74 ,1 
73 .4 
.177 8,162 
24 15.2 2.259+04 7 8 , 6 3.465 5,633 
25 14,4 1.200+05 94 , n 88 ,1 6 .165 - 8 , 0 4 9 
26 9 .3 2.900+05 93,g 87 ,3 - 9 . 0 2 0 4,558 
27 7 ,7 3,353+05 92e5 85 ,7 - . 3 2 6 5,849 
28 7.0 3.777+05 9 0 , 7 83 ,7 4 ,255 3.189 
29 6 .1 4,689+05 8 9 , u 82 ,2 - 5 . 8 9 7 3,815 
30 5,7 5,487+05 67 ,7 80 ,4 5.411 - . 8 8 7 
T a b l e 2 1 . Summary, Da ta Se t B , Second O r d e r , m = 2 
RUN FUNCTION X'X Rl R2 XI X2 
20 37.6 i .ooo+oo 
- 8 , 6 i l 9 ,198 
22 19,6 1.366+04 7 9 , j 74 .4 9 .058 - 2 , 9 4 5 
7,272 • 4 ,183 
24 13,6 3.021+04. 7 9 . 0 7 3 . 8 - 5 . 1 0 0 6,553 
6 .251 
- 3 , 0 9 0 
- 8 , 3 7 4 
- 8 , 2 8 1 
26 10.4 1.984+05 9 4 , 2 87 .6 6,460 — 2,779 
23 7 ,3 4,455+05 91 ,9 64 .9 4 ,499 
4 ,923 
4,527 
,296 
30 5,8 5.662+05 88 ,7 .81 .3 - 1 . 5 5 3 5,130 
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T a b l e 2 2 . Da ta S e t B , Second O r d e r f m = 1 , 3 V a r i a b l e s 
V*Uy£ 0" \rKOHtf»'LL*eL*- PORTION OP Bt*S 
C.i 1.0 2.*» 5.0 10.0 
20 .2 .6 3,A IS.2 60.fi 
Jl .2 .6 *.o 1*.0 63.fi 22 .2 .7 ».2 lf>,7 £.6.6 23 .2 .7 4.4 17.5 69,9 2* .2 .7 *.* 1A.2 72.9 2* .2 • ft *.7 19.0 76.0 2* .2 .* •'.9 14.9 75.0 2* .2 •a 3.1 20.5 82.0 
28 .2 .9 5.3 21.3 85.1 29 .2 .9 3.5 22.0 S9.1 30 .2 .9 5.7 22.3 91.2 
V*U1T «N3 PERCENT REOUCTleM QF CONTROLLABLE PORTION OF BI*S 
»UN B/S=0.5 1-0 2.5 5.0 10.0 Rl 
20 6.1 24.3 152.1 603.5 2434.0 .0 
23 2.8 11.3 70.7 2S2.fi 1131.0 S3.S 22 1.7 6.7 *2.0 l6fl.2 672. S 72.4 23 .6 2.3 I*.7 58.6 23s*.5 90.4 2» 1.0 *.2 26.2 104.7 419.0 82.8 2» 1.0 «.l 2S,9 103.6 41*.2 83.0 
2& 1.1 4.2 26.3 105.1 «20.3 82.7 27 1.3 S.4 33.6 134.6 539.* 77.9 2» 1.2 30.0 120.0 030,1 eo.s 
29 1.2 «.a 29.8 119.0 475.0 £0.4 30 1.3 5.2 32.2 12fi.9 515.6 78.8 
1.0 2.5 5.0 1,0.0 R2 
2«.9 155*9 623.7 2=*94,8 .0 
11.9 74.7 258.7 119*.£ 52.1 7.4 «6.? 18a.9 739.6 70.4 3.0 19.0 76.1 304,4 87.8 4.9 30.7 123.0 491.9 69.3 
4.9 30.6 122.5 490,2 «0.4 '5.0 •3t;2 •12«f/8 499,3 -80.0 6.2 33.(5 155.1 620.4 75.1 5.7 35.3 141.3 565,2 77.3 5.6 35.3 141,0 56'*. 2 77,4 6.1 37.9 151.7 606.7 7S.7 
VALUE «N0 PERCENT SEOUCTION 0' SÎ S 
RON 6/5=0.5 
20 6.2 21 3.0 22 1.8 
23 .8 
2* 1.2 25 1.2 '2* 1.2 
«7 1.6 
2» 1.4 
29 1.4 
30 1.5 
VARIANCE TO 8IAS C-ATIO, VALUE 0* VARIANCE 
RUN R/SiO.5 1.0 2,5 5.0 1C.0 VAeiANC 
20 167.7 41.9 6.7 1.7 ,4 1046.0 21 243.1 62.0 9,9 2.5 .6 7ui.i 22 167,5 41,9 6,7 1,7 ,4 309.7 23 64.8 16.2 2.6 ,6 ,2 49.3 2* 30.6 7.6 1.2 .3 ,1 37.6 5>5 29.1 7.3 1.2 »3 .1 35.6 26 ?2.7 5.7 .9 ,2 .1 2fl,3 2 7 16,» 4.! # .7 ,2 ,0 25.4 28 14,2 3.6 ,A .1 .0 2D. 1 29 13,9 3.5 .6 .1 .0 19.5 30 12.4 3.1 .5 .1 .0 1».9 
Vii.IT 0* J 
BUN »/Sr?.5 l.C 2.5 5.0 10.0 
zo 1C-2.2 io7i,r 1-2:1,<? leid.7 
21 744.1 75J.1 103-3.9 22 3:1.5 317. 1 3̂-5.=» !«•••*-*.3 13 5>.3 £» 3<«.e u?.5 t A | 4 lor .6 25 O.S t-6 >. 1**.? ?4.f> 33.3 1^.2 *J7.A ;7 27.0 31.6 l.-».i.S <> 
rs.5 ?5.«". t . b 2* ro,9 ?s.:» lf-^6 3d r/p.5 
T a b l e 2 3 . Da ta S e t B, Second O r d e r , m - 2 , 3 V a r i a b l e s 
VALUE OF UNCONTROLLABLE: PORTION CF B I A S 
RUN B/S=0.5 1.0 2 . 5 5,0 10,0 
20 .2 • 6 3 .8 15 .2 6 0 , 8 
22 .2 .7 4 ,2 16.7 6 6 , 8 
2* . 2 • 7 18.2 72 ,9 
2 6 • 2 • 8 4 . 9 19.8 79 ,0 
28 • 2 • 9 5 .3 2 1 . 3 8 5 . 1 
30 .2 . 9 5 .7 22 .8 91 .2 
VALUE AND PERCENT REDUCTIQN OF CONTROLLABLE P'ORTZON OF BIAS 
RUN 8/S=0.5 1.0 2 . 5 5.0 10.0 R l 
20 6 .1 2 4 . 3 152*. 1 608 .5 2434,0 .0 
22 1.6 6 . 3 39 .5 158.1 632 ,2 74 ,0 
2* .9 3 , 7 23 ,4 93 .4 373,6 84 ,6 
2 6 1.1 4 . 2 2 6 . 5 105.9 423 ,7 82 .6 
2 8 1.2 4 , 6 29 .0 115.9 463 .6 81,0 
30 1.3 5 .2 32 ,7 130.8 523,0 78 ,5 
VALUE AND PERCrNT REDUCTION OF BIAS 
RUN B/S=0,5 1,0 2 . 5 5,0 10,0 R2 
"Jo " 6.2 24 ,9 155.9 623.7 2494,8 .0 
22 1.7 7 ,0 43 .7 174.8 699 ,1 72 ,0 
2 4 1.1 4 , 5 27 .9 111.6 446 ,6 82 ,1 
26 1.3 5,0 31 .4 125.7 502.7 79 ,8 
28 1.4 5 .5 34 .3 137.2 548 .7 78 ,0 
30 1.5 6 ,1 38 .4 153.5 614,2 75 ,4 
• VARIANCE TO BIAS RATIO, VALUE CF VARIANCE 
- -
RUN B/S=0.5 1,0 2 . 5 5,0 10.0 VARIANCE 
20 1*7.7 4 1 . 9 1.7 .4 1046,0 
22 189.2 4 7 , 3 7 .6 1.9 . 5 330,7 
2* 43.6 10 .9 i , ? , 4 • 1 48 ,7 
26 19.9 5.0 . 8 • 2 , 0 25,0 
28 15,0 3 ,7 . 6 , 1 .0 20 ,5 
30 12.6 3 .1 . 5 «1 • 0 19 ,3 
VALUE OF J 
RUN 8/5=0.5 1.0 2 .5 5,0 10,0 
20 10* 2.2 1071,0 1201,9 l6&o,7 354u.8 
22 3JP .5 337.7 374.4 505.5 102^,8 
2 4 u9.8 53.2 76 .6 16«,4 49*3,3 
26 'ht 3 30.0 - 6 , 4 15r..7 52? .7 
2 3 ? 1. 9 26 , 0 54 9. 107,7 56 r?.? 
30 ? 0 . 8 25 ,4 5?[ 7 17?, a 6.3 3,5 
T a b l e 2 4 . Summary, Data S e t B , xa = 1 , 3 V a r i a b l e s 
RUN FUNCTION X'X Rl R2 :i X2 X3 
20 56.9 1.000+00 
21 42.2 3.614+02 5 3 . 5 52 ,1 1.896 7.319 14.6493 
22 35 .5 1.223+05 72 , U 70,4 7 .159 • 2 U 0 11.7429 
23 27,0 4.149+07 90,4 87 .8 - 7 . 6 7 9 7 .9^5 6.7095 
24 23 .9 1.179+08 8 2 , 8 80 ,3 .173 4 , S 1 5 10.1653 
25 21 .8 2.135+08 83.Q 80 .4 5.939 - 1 . 3 7 3 8.7496 
26 19.2 6.861+08 8 2 , 7 80.0 - 6 . 7 0 8 5,716 1.5400 
27 17.7 1.206+09 77 ,9 7 5 . 1 .600 3.051 9.0807 
28 16,7 4.866+09 8 0 , S 77 .3 6 .305 - 5 , 9 2 2 4.3900 
29 15.1 6,522+09 80,4 77 .4 - 4 , 2 3 5 5 , f l 49 4.3983 
30 14.4 8.797+09 7 8 , 8 75 .7 - . 7 7 8 3 . i 2 8 8.0195 
T a b l e 2 5 . Summary, Data S e t B , m = 2 , 3 V a r i a b l e s 
RUN FUNCTION X'X Rl R2 XI *2 X3 
20 56,9 1.000+00 
72,0 
- 5 . 5 7 3 8 . 6 5 7 11,3156 
22 32.2 2.001+05 74,o 6 .623 2 . 2 8 4 14.1035 
* 4 .686 2 .2^5 11.3297 
24 24,4 4 , 4 m + o 7 8^.6 82 .1 - 7 . 0 7 5 6 , 5 5 8 3.7045 
6 .947 - 4 . 9 7 9 6,3691-
26 19.4 1.203+09 8 2 , 6 7 9 , s - . 9 5 0 5,368 9.6864 
- 7 , 6 2 1 3.455 -4 .2904 
28 15.5 8,110+09 81,0 78 .0 1.216 3 . 3 3 5 9.8507 
75,4 
- 1 , 0 8 3 **.5U 7,9913 
30 13 .1 1.679+10 78 ,5 5.590 - 4 , ^ 3 9 4.6295 
T a b l e 2 6 . Da ta S e t C, Second O r d e r , m = 1 
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VAOjC OF WCCNTasUtBLt Pc*TIOM CP BIAS 
RUN S/SS0.5 
»& 1* X* 
1* 
21 
22 
23 
2* 
2» 
.1 .1 .1 .1 .1 .2 .2 .2 .2 .2 .2 
1.0 
.5 .5 .5 .5 .6 .6 .6 .7 .7 .7 .8 
2.5 
2?« 3.0 3.2 3.4 3.6 3.8 4.0 *.2 *.» 4.6 »-7 
5.0 
U.4 12.2 12.9 13.7 14.4 15.2 16.0 16.7 17.5 18.2 19.0 
10.0 
H5.6 48.6 51.7 54.7 57.7 60.a 63.8 66.8 69,9 72.9 76.0 
VALUE *N3 PERCENT REDUCTI3M OF CONTROLLABLE PORTION OF BIAS 
RUN 8/5=0.5 
15 .1 
16 .0 I ' .0 i« .0 19 .0 20 .0 21 .0 22 .0 23 .1 
2» .1 25 .2 
1.0 
.2 .1 .0 .0 .0 .0 
.1 
.2 ,3 .6 .9 
2.5 5.0 10.0 Rl 
1.5 5.8 23.2 .0 
.7 2.7 10.8 53.6 .2 .9 3.4 85.4 .0 .1 .2 99.0 
.0 .2 .6 97.3 .3 1.0 *.o 
10.0 
82.6 .6 2.5 56.8 4.1 4.6 8.3 21.3 2.1 8.4 33.5 -44.1 3.7 15.0 59.9 -157.5 5.6 22.4 89.8 -286.2 —»». • 
VALUE AND *<tRCrNT REDUCTION OF BIAS 
RUN B/S=0.5 
xs 
16 XT 18 X9 20 21 22 23 2» 25 
.2 .1 .1 .1 .1 .2 .2 .2 .3 .3 .4 
1.0 
.7 .£ .6 .S .6 .6 .7 .9 1.0 1.3 1.7 
2.5 
».3 3.7 3.* 3.* 3.6 •».! 4.6 5.3 6.5 8.3 10.4 
5.0 
17.2 14.9 13.8 13.7 14.6 16.2 18.5 21.3 25.S 33.2 41.4 
10.0 
6S.8 59,4 55.1 54.9 53.4 64,8 73.9 85,1 103.4 132.8 165.7 
VARIANCE 70 BIAS RATIO, VALUE OF VARIANCE 
_..---„, • .„ ~. RUM B/Si0.5 1.0 2.5 5,0 10.0 VARIANCE 
-——— — •» ———-—. • • .i , - - . — 15 49.3 12.3 2.0 .5 .1 8.5 
16 50.7 J.2.7 2.0 .5 .1 7.S 17 51.9 13.0 2.1 ,5 .1 7.2 
1« 53.6 12.7 5.0 .5 .1 ft.9 19 46.8 11.7 1.9 .5 .1 6.8 20 41.6 10.4 I. 7 .4 .1 6.7 
21 36.2 9.0 *.* .4 .1 6.7 22 >1.2 7,8 1.2 .3 .1 6,6 23 ?5.5 6.4 1.0 .3 ,1 6.6 2* 19.3 4.? .8 ,2 .0 6.4 25 15.1 3.ft .6 .2 ,0 6.3 
v?Lv*r c* j 
9/5=0.5 1.0 2.5 5.0 u.o 
"l5 4.7 9.? 12.4 7?.3 
16 7.7 8.1 *r.4 17 7.3 7.7 10.* 1* 7.1 7.«i 10 » 21.7 *• t.« 19 7.0 7.4 10.5 «1.4 20 6.9 7.4 10 4 71.6 21 A.9 7.4 n!* C«>.1 0-1,5 22 f.A 7.S 12." ?7.9 "1.4 .-3 6.A 7.S 13 3-.4 l».\o 2* *>.7 7.7 1»!7 3n,K »J",2 25 •..7 7.«» l6,i<. It?. 7 «7C.O 
T a b l e 2 7 . Da ta S e t C, Second O r d e r , m = 2 
VALUE OF UNCONTR0LLABLE PORTION OF BIAS 
RUN B/S=0.5 1.0 2 ,5 5.0 10.0 
15 . 1 #5 2 .8 11*4 45 ,6 
17 . 1 . 5 3.2 12.9 51 ,7 
19 . 1 • 6 3 .6 14*4 57 ,7 
2 i . 2 • 6 4 .0 16*0 6 3 , a 
23 . 2 • 7 4 . 4 17 .5 6 9 . 9 
25 • 2 • a 4 .7 19.0 76 ,0 
VALUE AND PERCENT REOUCTl0N OF CONTROLLABLE PORTION OF BIAS 
RUN B/S=0.5 1.0 2 .5 5,0 10.0 Rl 
15 . 1 • 2 1.5 5 .8 23 ,2 • 0 
17 .0 • 0 . 2 • 9 3 .4 85 ,4 
19 .0 • 0 .0 .2 . 6 9 7 . 3 
21 .0 • 2 • 1 . 1 4 .4 17 ,8 2 3 , 5 
23 . 1 .4 2 .6 10*5 42 ,0 - 8 0 , 7 
25 • 2 . 7 * .6 18.4 7 3 , 7 - 2 1 6 . 9 
VALUE AND PERCENT REDUCTION OF BIAS 
RUN B/S=0.5 1.0 2 .5 5.0 10 ,0 R2 
15 .2 • 7 ^ . 3 17.2 6 8 , 8 .0 
17 . 1 • 6 3 . * 13 .8 5 5 , 1 20 ,0 
19 . 1 • 6 3 0 6 14.6 58 ,4 15 ,2 
21 • 2 • 6 5 .1 20*4 8 1 , 6 - 1 8 . 5 ' 
23 . 3 1.1 7.0 28 .0 1 H . 9 - 6 2 , 6 
25 1.5 9 . * 37 .4 149.6 - 1 1 7 , 4 
VARIANCE TO BIAS RATIO, VALUE OF VARIANCE 
pUN B/S r0 .5 1.0 2 .5 5.0 10 .0 VARIANCE 
15 49 .3 12 ,3 2 .0 , 5 • 1 8 ,5 
17 51 .9 13.0 2 .1 . 5 . 1 7 ,2 
19 46 .8 '11.7 1.9 , 5 . 1 6 .8 
21 32 .6 a a 1.3 . 3 • 1 6 , 6 
23 22 .8 5,7 . 9 , 2 • 1 6 ,4 
25 16.0 4 ,0 . 6 , 2 • 0 6 ,0 
VcLUE OF J 
RUN B/S=3.5 1.0 2 ,5 5,0 10 ,0 
15 8,7 9,2 12,8 25.7 7 7 , 3 
17 7 ,3 7 ,7 10.6 2^,9 6 2 , 2 
19 7,0 7.4 10.5 21.4 6 5 . 2 
21 6 .8 7 ,5 11.7 27,0 8 8 , 2 
23 6*7 7 .5 13.4 34 ,3 113 ,3 
25 6 .4 7 ,5 15,3 43.4 155.6 
T a b l e 2 8 . Summary, Da ta S e t C, m = 1 
RUN FUNCTION X'X Pi R2 XI *2 X3 
15 7.4 1.000+00 
16 5.7 1.778+00 53 ,6 13,7 .000 .ooo ,0004 
17 4 . 3 2.556+00 85 ,4 20 ,0 .000 , 0 c o .0004 
18 3 .2 3.333+00 9 9 , 0 20 ,2 - . 0 0 1 - . 0 0 1 - , 0 0 1 1 
19 2 .4 4.111+00 97 ,3 15 .2 .000 • ooo ,0004 
20 1.9 4,889+00 82 ,6 5 ,8 • ooo . .ooo ,0004 
21 1.6 5,667+00 56 ,8 - 7 , 3 - . 0 0 1 - • o o i - . 0 0 1 1 
22 1.7 6,444+00 21 ,3 - 2 3 , 7 .002 • 0°2 ,0020 
23 2.0 7,265+00 - 4 4 t l - 5 0 , 2 ,366 .366 ,3661 
2d 2 .1 9,247+00 - 1 5 7 , 5 - 9 2 , Q - . 7 5 0 - . 7 5 1 - . 7 5 1 1 
25 2 .4 1,166+01 -286 ,2 -i**c.a ,758 .758 ,7582 
T a b l e 2 9 . Summary, Da ta Se t C, m = 2 
RUN FUNCTION X'X Rl R2 XI X3 
15 7.4 1.000+00 
,000 ,0004 
17 4 . 3 2,556+00 85 ,4 20 ,0 ,00C • ooo .0004 
* • ooo ,o°o ,0004 
19 2 .4 4,111+00 9 7 0 15,2 - . 0 0 1 - . 0 0 1 - , 0 0 1 1 
- , 3 9 2 - . 3 9 2 -, '3918 
21 1,6 5,676+00 23 ,5 - 1 8 , 5 .391 ,391 , 3 9 1 1 -
,716 " . 6 3 6 - , 6 3 5 5 
23 1.4 8,486+00 -8O.7 - 6 2 , 6 - . 7 1 5 .636 ,6364 
,660 ,9lU - . 8 2 7 7 
25 1.3 1.495+01 - 2 1 6 , 9 -117 .4 » . 6 6 l - , o ! 5 ,8270 
T a b l e 3 0 . Data S e t D, Second Orde r , ni = 1 , R = 1 .41 
VALUE CP UNC0NTR0LLA3L£ PORTION OF BIAS 
RUN 8/S=0.5 1.0 2.5 5.0 10.0 
10 .1 .3 1.7 6.9 27.8 
11 .1 .3 1.9 7.6 30.6 
12 .1 .3 2.1 8.3 33.3 
13 .1 • 4 2.3 9*0 36.1 
1* .1 .4 2.4 9.7 33.9 
15 .1 .4 2.6 41.7 
16 .1 .4 2.8 11.1 44,4 
VALUE AND PERCENT REDUCTION OF CONTROLLABLE PORTION OF BIAS 
RUN B/S=0.5 1.0 2.5 5.0 10,0 Rl 
10 • 2 1.0 6.0 24.0 95,9 .0 
H .1 • 6 3.7 14.8 59.3 38.1 
12 .1 .4 2.3 9.4 37.6 60.8 
13 • 1 .2 1.* 5.7 22,8 76.2 
1* • 0 .1 .8 3.3 13,0 86.4 
15 • 0 • 1 .5 1.8 7,2 92.4 
16 • 0 .0 .3 1.2 94.9 
VALUE AND PERCENT REDUCTION OF BIAS 
RUN B/S=0.5 l.C 2.5 5,0 10,0 R2 
10 • 3 1.2 7.7 30.9 123,6 .0 
U .2 .9 5.6 2?.5 89,8 27,3 
12 .2 .7 4,4 17.7 70,9 42.7 
13 .1 • 6 3.7 14.7 58.9 52,3 
1* • 1 .5 3.2 13*0 51,9 58,0 
15 .1 .5 3.1 12.2 48,9 60.4 
16 .1 .5 3.1 12.3 49,3 60,1 
VARIANCE TO BIAS RATIO, VALUE OF VARIANCE 
RUN B/S=0.5 1.0 2.5 5.0 10,0 VARIANCE 
10 13.9 3.5 .6 • 1 .0 4.3 
H 16.6 4.2 »7 • 2 .0 3.7 
12 19.3 4.8 .8 .2 *0 3.4 
13 21.9 5.5 .9 • 2 3.2 
1«» 23.9 6.0 1.0 .2 .1 3,1 
15 24.5 6.1 1.0 • 2 3.0 
16 23.7 5.9 .9 • 2 • 1 2.9 
VtlUE OF J 
RUN B/Src.5 1.0 2.5 5.0 10,0 
10 4.6 5,5 12,0 35.2 127,9 
l l 4,0 4,6 9,3 2fr..2 93,6 
12 3.6 4,1 7,9 21.1 7 4 f 3 13 3.<. 3, ft 6,° 18.0 62,2 
1** 3,2 3,6 6,3 16. 1 55, 0 
15 3.1 3,5 6.1 15.2 51,9 
16 3.0 3,14 6.0 15.3 52,3 
T a b l e 3 1 . Da ta S e t D, Second O r d e r , m = 2 , R = 1 .41 
VALUE OF UNCONTROLLABLE PORTION OF B I A S 
RUN 8/S=0.5 1.0 2 .5 5.0 10,0 
10 
12 
1H 
16 
. 1 
•- . 1 
. 1 
. 1 
. 3 
. 3 
,4 
.4 
1.7 
2.1 
2 .4 
2 .8 
6 .9 
8 .3 
9 .7 
11.1 
27 ,8 
3 3 , 3 
3 8 , 9 
44 ,4 
VALUE AND PERCENT REDUCTION OF CONTROLLABLE PCRTIOM OF BIAS 
RUN B/S=0.5 1.0 2 .5 5,0 10,0 Rl 
10 
12 
1* 
16 
• 2 
• 1 
.0 
• 0 
1.0 
• 4 
• 1 
• 0 
6.0 
2,<* 
. e 
. 3 
24.0 
9 .4 
3 .3 
1,2 
95 ,9 
37 ,7 
13,0 
4 ,9 
.0 
60 .7 
86 .4 
94 ,9 
VALUE AND PERCENT REDUCTION OF BIAS 
RUN B/S=0.5 1.0 2 .5 5,0 10,0 R2 
10 
12 
I* 
16 
• 3 
, 2 
• 1 
• 1 
1.2 
, 7 
• 5 
. 5 
7 .7 
3 .2 
30 .9 
17.8 
13.0 
•12,3 
123,6 
71 ,0 
51 .9 
4 9 . 3 
.0 
42 .6 
58 ,0 
60 ,1 
VARIANCE TO BIAS p :ATI0, VALUE OF VARIANCE 
RUN R/S=0.5 1.0 2 .5 5,0 10.0 VARIANCE 
10 
12 
1* 
16 
13.9 
19 .3 
23 .9 
23 .7 
3 ,5 
4 , 8 
6.0 
5 .9 
. 6 
. 3 
.9 
, 1 
. 2 
, 2 
,2 
.0 
,0 
• 1 
, 1 
^ . 3 
3 ,4 
3 ,1 
2 ,9 
VALUE OF J 
RUN B/Sz0.5 1.0 2 .5 5,0 10,0 
10 
12 
1* 
1.6 
4 .6 
3 .6 
3 t ? 3 . .t 
5 .5 
4*1 
3 ,6 
3 .4 
12.0 
6 .3 
6.0 
35 .2 
21 ,2 , 
16.1 
X5.3 
127,9 
74 ,4 
j 5 . o 
5 2 , 3 
T a b l e 3 2 . Summary, Da ta S e t D, m = 1 , R = 1 .41 
RUN JUNCTION X»X Rl R2 Xl X2 
10 26.2 1.000+00 
11 2«+.9 1.41+5+00 38 .1 2 7 . 3 - . 0 2 4 - . 3 4 2 
12 21 .9 1.901+00 60 ,8 42 ,7 - . 0 2 0 - , 2 6 5 
13 19 .3 2,376+00 7 6 t 2 52 .3 - . 0 1 6 - . 1 9 8 
14 17,0 2.858+00 86,i» 58.0 - . 0 1 3 - . 1 4 1 
15 15.1 3,350+00 
3,850+00 
9 2 , cv 60,ti - . 0 1 0 - . 0 9 0 
16 13.5 9 4 . 9 6 0 . 1 - . 0 0 7 - . 0 4 9 
T a b l e 3 3 . Summary, Da ta S e t D, m = 2 , R = 1 .41 
RUN FUNCTION X»X ?»I R2 XI X2 
10 2B,2 1.000+00 
- . 0 2 1 - . 2 8 9 
12 21 .9 1.908+00 60 ,7 42,& - . 0 2 1 - . 2 8 9 
- . 0 1 5 - . 1 7 3 
14 17.0 2,858+00 S^ t , 58 .0 - , 0 i u - , 1 7 3 
• . 0 0 9 -,-G77 
16 13 .5 3.842+00 94,q 60 ,1 - . 0 1 0 - . 0 8 2 
T a b l e 34 . Da ta S e t D, Second O r d e r , m - 1 , R = 1.7 
VALUE OF UfiCO'iTRr.LLABLt PORTION OF BIAS 
RUN B/S=3.5 1,0 2~5 5.0 1C.0 
10 
11 
12 
13 
1* 
15 
16 
.3 
• 3 
.3 
,4 
.4 
• 4 
• 4 
1.7 
1.9 
2.1 
2.3 
2.4 
2.6 
2. a 
6.9 
7.6 
ft. 3 
9.0 
9.7 
in.4 
l l . l 
27.8 
30.6 
33,3 
36,1 
38,9 
41.7 
44.4 
VALLE AND PERCENT RECUCTloN OF CONTROLLABLE PGRTION OF BIAS 
RUN 6/S=0.5 1.0 2.5 5,0 10,0 Rl 
10 
11 
12 
13 
14 
15 
16 
.0 
• 0 
• 0 
• 0 
• 1 
• 1 
.1 
,1 
«0 
«1 
.1 
• 2 
.3 
«5 
.5 
.3 
.«* 
.8 
1.3 
2.1 
3.2 
1.9 
1.2 
1.3 
3.1 
5.0 
8.4 
12.7 
7,6 
«».9 
7.2 
12,5 
20,2 
33.5 
50.9 
.0 
35,1 
5.5 
-64.5 
-166.5 
-342.1 
-571,2 
VALUE AND PERCENT REDUCTION OF BIAS 
RUN B/S=0,5 1.0 2.5 5,0 10,0 R2 
10 # 1 »4 2,2 8.8 35,4 .0 
H ,1 ,4 2.2 8.9 35,5 - . 3 
12 ,1 • 4 2.5 10.1 40.5 -14,5 
13 , 1 • 5 .3.0 12.1 43,6 -37,4 
1* , l • 6 3,7 14.8 59,1 -67.1 
15 • 2 .8 *»7 18.8 75,2 -112,6 
16 .2 ItO 6,0 23.8 95,3 -169,6 
VARIANCE TO BUS RATIO, VALUE OF VARIANCE 
RUN B/S=0.5 1,0 2 . 5 5,0 10,0 VARIANCE 
10 64,5 16.1 2.6 >6 .2 5,7 
H 57.5 14,f4 2.3 .6 .1 5.1 
12 ^6,2 11.6 1.8 • 5 ,1 4.7 
13 36.7 5.2 1.5 .4 .1 4.S 
14 29.3 7,3 1.2 • 3 • 1 4,3 
15 21.6 5.4 .2 , i 4.1 
16 16.3 4,1 .> .0 3.9 
VALUE OF J 
RUN 8/S=0.5 1.0 2.5 5,0 10,0 
10 
u 
12 
13 
14 
15 
16 
5,8 
5,2 
4.8 
4.6 
4.5 
4.2 
4.1 
6.1 
5.5 
5.1 
n.9 
4,9 
4,6 
4.8 
7.9 
7.3 
7.2 
7.5 
8.0 
6.8 
9.8 
14.55 
14.C 
14.8 
16*6 
19.1 
22.9 
27.7 
41.1 
40.6 
4=', 2 
5^,0 
63.4 
79,2 
99.2 
T a b l e 3 5 . Da ta ! Se t D, Second O r d e r , m = 2 , R = 1.7 
VALUE OF 'l JNCONTR 0LLA 3LE PORTION OF BIAS 
RUN 8 / S - 0 . 5 1.0 2 , 5 5.0 10.0 
10 . 1 . 3 1.7 6 .9 2 7 . 8 
12 • 1 • 3 2 .1 8*3 3 3 . 3 
14 • 1 • 4 2 ,4 9 .7 3 8 . 9 
16 a • 4 2 .8 11 .1 44 ,4 
VALUE AND PERCENT REDUCTION OF CONTROLLABLE PORTION OF BIAS 
RUN 8/S=0.5 1.0 2 .5 5.0 10,0 Rl 
10 .0 • 1 . 5 1.9 7 ,6 • 0 
12 .0 • 1 . * 1.6 6 ,3 17 ,5 
1* • 1 • 2 1.6 5.2 2 4 , 8 - 2 2 7 , 6 
16 . 1 . 5 2 . 9 11 .7 4 6 , 9 -518*9 
VALUE AND PERCENT REDUCTION OF BlAs 
RUN B/S=0.5 1.0 2 .5 5,0 10.0 R2 
10 . 1 . 4 2 .2 8»8 35 ,4 ,0 
12 . 1 .4 2 .5 9 .9 39 ,6 - 1 2 . 0 
1* . 2 • 6 * .o 15.9 6 3 . 7 - 8 0 , 2 
16 • 2 • 9 5 .7 22 .8 91 ,4 -158 ,4 
VARIANCE TO BIAS rjATIO '» VALUE Or VARIANCE 
RUN B/S=0,5 1.0 2 . 5 5,0 10 ,0 VARIANCE 
10 64 ,5 16 .1 2 .6 • 6 • 2 5 ,7 
12 05 ,7 11 .4 1.8 . 5 • 1 4 , 5 
l1* 26 .3 6 .6 1.1 • 3 - . 1 4 .2 
16 16 .9 t**2 .7 • 2 •o 3 ,9 
* 
VALUE OF J 
RUN 8/S=0.5 1.0 2 .5 5.0 10 ,0 
10 5 .8 6 .1 7.9 14 .5 4 1 , 1 
12 4 . 6 4 .9 7.0 14.4 4 4 , 1 
1* 4 .4 4 .8 8.2 20 .1 6 7 . 9 
16 4 . 1 4 ,8 9.6 26 .7 9 5 , 2 
T a b l e 3 6 . Summary, Da ta S e t D, m = 1 , R = 1.7 
RUN FUNCTION X»X Rl R2 XI X2 
10 3.2 
11 1.9 
12 1.3 
13 1,0 
14 ,9 
15 1,1 
16 ,9 
1.000+00 
1.605+00 
2.357+00 
3,107+00 
3,856+CO 
5.2U4+00 
6,897+GO 
3 5 . ! 
5 .5 - 6 4 , ^ 
- 1 6 6 , 5 
- 3 4 2 , ! 
- 5 7 1 , 2 
- . 3 
- 1 4 , 5 
- 3 7 , u 
- 6 7 t l 
- H 2 . 6 
- 169 ,6 
- , 0 7 4 
- . 0 1 6 
- , 0 0 9 
- . 0 0 2 
- . 0 7 7 
.837 
-1 .110 
,007 
,003 
- . 0 0 1 
- 1 , 1 0 6 
,799 
T a b l e 3 7 . Summary, Data S e t D, m = 2 , R - 1 .7 
RUN FUNCTION X»X R I R2 X I X2 
10 3 ,2 1.000+00 
- . 0 8 9 - 1 , 2 5 9 
12 1.2 2,698+00 l 7 , 5 - 1 2 , 0 - , 0 0 6 .089 
,401 ,411 
14 , 7 4,240+00 - 2 2 7 , 6 - 8 0 , 2 - ,3Q2 - , 4 2 1 
- , 6 6 0 ,670 
16 , 7 6.863+00 - 5 1 8 , 9 -158.1 , ,698 - , 9 1 2 -
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